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Foreword

Following a proposal by the Scientific panel on Water (CES on Water), AFSSA issued an internal request on
3 October 2006 in order to draft a set of guidelines for the assessment of ion exchangers used for treating
water intended for human consumption (Request no. 2006-SA-0286). In addition, the Directorate General for
Health (DGS), in a letter dated 7 December 2006, requested AFSSA’s scientific and technical support for the
updating of guidelines on the assessment of processes using ion-exchange resins for treating water intended
for human consumption (Request no. 2006-SA-0350). These requests related to:

- the conditions for examining the chemical formulation of ion-exchange resins, either organic or
inorganic (list of chemicals that can be used in the manufacture of resins, etc.);

- the quality of the products used for resin disinfection and regeneration;

- the type of migration tests to be performed, including the water contact conditions for the resins and
the parameters to be measured in test water;

- the criteria of acceptability for the resins;

- where appropriate, information on how to assess the effectiveness of the processes or the resin
selectivity;

- any other information worthy of special attention when using ion-exchange resins such as, for
example, some recommended conditions for using the processes (with regard to resin regeneration or
disinfection, minimum water quality to be obtained after treatment, etc.), particularly where resins
are to be used by individuals in water distribution systems within buildings;

- the type of information to be provided by anyone overseeing the marketing of resins to potential
users of these processes (see Consumer Safety Commission’s Opinion of 6 July 2006).

A working group was established by decision of the Director General of AFSSA on 5 December 2006 for a period
of 18 months, and its mandate was extended until June 2009. Two meetings were organised with
manufacturers of ion-exchange resins.

A hearing with the resin manufacturers took place at the beginning of the mandate, with the aim of gathering
information on any practical problems they might have encountered, to enable them to compile their
applications and thus obtain approval.

This took into consideration the publication of the European NF EN 12873-3° standard defining the water
contact conditions for ion-exchange resins and testing them under dynamic conditions, and the present
guidelines defining the procedures for implementing this European standard in France.

As the effectiveness of ion-exchange resins depends on their characteristics and exchange capacity as specified
by the applicant, no additional expert assessment regarding the effectiveness of the ion-exchange resins was
carried out.

The work presented in this report has therefore focused solely on an assessment of the safety aspects of the
ion exchangers and the precautions associated with their use.

The findings of the working group were presented to the ion-exchange resin manufacturers on 6 April 2009 and
to the experts of the Scientific panel on Water on 7 April 2009. The report was approved by the panel during
the 5 May 2009 session.

NF EN 12873-3 Standard of June 2006: Influence of materials on water intended for human consumption — influence due to migration
— Part 3: Test method for ion exchange and adsorbent resins

4/60



Contents

PAGE
COMPOSITION OF THE WORKING GROUP ......ciituiiiiiniiiitniiiieasiiiieasiiiiessiiiiessiisissssstsssssssssssssssssssssssssssssnsssssanes 2
1 GENERAL ASPECTS OF ION EXCHANGE AND USE OF ION EXCHANGERS IN WATER TREATMENT .............. 12
1.1 |ON EXCHANGE AND THE MAIN TYPES OF ION-EXCHANGE RESINS ....uveeeuveesureesuueessesessessssesessessssesssssessssessssesssessnnsnes 12
1.2 USE OF ION EXCHANGERS ..cetetttuitttteeeeeaaattttteeeeesauteeteeaeaasaesanbebteeeesasausbsaeeeeseaaanseseeeeeeeaannsnbeabaeeeesesannsaneeaesaanan 12
1.2.1 Operating cycle of a regenerable i0n eXCAANGEN ..............cooeceeeeeceeeeesiiseecceeeeseeeesseaeesreaeesaeeaeas 12
2 0 L ] o 1 o B SRR 13
1.3 EXAMPLES OF ION EXCHANGER APPLICATIONS IN WATER...c.uteesuteerureesueeesseessseessessseesseessnseesseesseesssesssessssessseesnne 14
1.3.1  SOFtENning (Ca'/NG" PEIMULALION).......oeeeseeeeeeeseeseeeeeeeseeseeeesesesesesesteseesseeseesseeeseessseesesesesess s 14
1.3.2  Decarbonation (Ca (COzH) /H' PEIMULALION) ......ceeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee e 14
2  REGULATORY CONTEXT ..ieuiiiitenciieeniiieanesneasiossessossessossssssssssssssssssssssssssssssssssssssnsssssssssssssnsssssssssssssnssssaes 16
2.1 CONDITIONS FOR THE MARKETING AND USE OF PRODUCTS AND PROCESSES FOR TREATING WATER INTENDED FOR HUMAN
CONSUMPTION e.utteeuteesureesuseesueeesseessseeesssesseesssseessseeesseesaseesnseessseessseessssesssesnsessnsssesssesenseesnsessnseessseessseesseesssesssseens 16
2.1.1 Marketing of products and processes for treating water intended for human consumption.......... 16
2.1.2  Use of products and processes for treating water intended for human consumption..................... 17
2.1.3  Specific provisions and proof of compliance relating to groups of water treatment products and
PPPOCESSES c.veeeeeeeeeeteee e et e ettt e e e e ettt se e s e e e aetta s ssaeaaaetas s se s e e e et taaa s e e e e e tas s e ae s e e e e etabaaaeeeeaetaabaaeeeaaaataanaaaes 17
2.2 SPECIFIC PROVISIONS RELATING TO ION EXCHANGERS FOR THE TREATMENT OF WATER INTENDED FOR HUMAN CONSUMPTION
17
2.2.1  EXISTING PIOVISIONS ....vvvvveveeeieiiiatsitisiests sttt sss s sttt ee e e sssssssssssssssssssssntnsnsnnnsnnnnennnnns
2.2.2  Conditions for reneWal Of QPPIOVAI ..............oueeeceieeeieeeeeieeecte e e st e e stta e e e s stea e e st aeestaaesssees

2.2.3  Call for updating the assessment of ion exchangers prior to marketing
3  ASSESSMENT OF THE SAFETY OF ION EXCHANGERS
3.1  EXAMINATION OF THE CHEMICAL FORMULATION .............
3.1.1  Cases 1adiNG tO rEfUSQL...........ccooeneeeeeeeeiee ettt e e ettt e e e e e ettt a e e e e e staaaaaeeeessssanaaaeeas
3.1.2 Cases leading to a continuation Of the ASSESSMENT............cceeeecceieeeeeeeeeeiiieeeeeeeeeccieereeeaeeeeesvseeaaaas
3.2 INERTIA TESTS cutteeutteeuteesuteesuteesseeesueessseeesseesseeseseesasaesnseesateessseessseesaseensseessseensee e seeesaeenssesnseesnseesnseesssaesseens
2 B U 0 T 3 (Y A Lo [ oo e Tote ) S
3.2.2 Proposed protocol to apply to samples of ion-exchange resins for assessing their safety............... 25
3.2.3 Assessment of the safety of inorganic ion exchangers (zeolites, etC.)........cccovuevvvveeeeciveeeeecveneennnn. 31
3.2.4 Assessment of the safety of other ion exchangers (membranes, etc.)..........cccceceveeeevveeeecvveneannnen. 32
I R Vo 1o 1V 3 0 £ T=1 g Lo o KOOSR 33
3.2.6  Procedure for renewing approval or for a change of formulation .................ccccececvvvuvveeeeeeciecievnnnn.. 34
4 RECOMMENDATIONS FOR USE ......ccittuiiiiiniiiiinniiiieniiiieniiiiessiiniessosiessissssssssstsssssssssssssssssssssssssssssnssssssnss
4.1  GENERAL RECOMMENDATIONS. ..ccuveerureerureesrresnseesseesnseesseesseesseseennees
4.2 RISKS ASSOCIATED WITH THE USE OF RESINS, AND RECOMMENDATIONS
B NN Yo ) 111 [ Lo SRS
VB 2 N 0 - Tolo T4 o To Y 1o L1 [0 ¢ FOUUUO PSPPSR
4.2.3  NItrate reMOVA .......ccoecuieeeeiiiieeiieeeee ettt este e ssee e ssea e e
4.2.4  DEMINEIALISALION ...ttt ettt ettt e e e ettt e e et e e et e e sttt e e s staaestteaesstasesansneesasseneas
4.3 PRODUCTS THAT MAY INTERFERE WITH THE FUNCTIONING OF THE RESINS veeuuveeeuveesereesueeesseeessessseesnsessssesssssesssnesssnes 36
4.4 INFORMATION AND RECOMMENDATIONS TO BE PROVIDED BY MANUFACTURERS IN SPECIFICATIONS SHEETS FOR USERS..... 37
5 GUIDELINES FOR EXAMINING AN APPLICATION TO USE AN ION EXCHANGER .......cccceerririiiinnnnenninsssssnnes 38
6 RECOMMENDATIONS ....ouuteiiiiiiiiisnnereniisssssssssssessssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssns

1. ION EXCHANGE AND THE MAIN TYPES OF ION-EXCHANGE RESINS ..veeiuveesuveesureesursessaeessessssesessessssesssssessnsessssessssessnnanes
1.1. Basic concepts of ion exchange and ion exchangers
1.2. Different types of organic ion exchangers and their characteristics .......
1.3. Different types of inorganic ion exchangers and their characteristics

2. PROPERTIES OF ION EXCHANGERS ....eeeuteesuteeeuseesureessseesseeesseessseeesseesensesesseessessnseesssessnseessseesssessssessssessnsseesuesssesn

D BN - Tor 4 17/ 1 SR
1.2, DiStrIBULION COCSTICIENTS. .......vvveeeeeeeeeeeeeeeee e e ettt e e ettt e ettt a e ettt eesatee e esnaea e s tseaeesssasesanseasesssesanns
G T o= s 1V e L o) g e ) il Lo s O UU
O T =5 (ol 1 1o T 1o T {1 T4 (ol SRS

5/60



ANNEX B: REGULATIONS GOVERNING THE CONDITIONS FOR THE MARKETING AND USE OF MATERIALS AND

OBJECTS THAT COME INTO CONTACT WITH WATER INTENDED FOR HUMAN CONSUMPTION............ccuuuuueee 54
O B =3 o 1N 1 0 PO PRSPPI 54
2. MARKETING OF MATERIALS AND OBJECTS THAT COME IN CONTACT WITH WATER INTENDED FOR HUMAN CONSUMPTION .... 54
3. USE OF MATERIALS AND OBJECTS THAT COME INTO CONTACT WITH WATER INTENDED FOR HUMAN CONSUMPTION............ 55
4.  SPECIFIC REQUIREMENTS REGARDING GROUPS OF MATERIALS AND OBJECTS ..ceeeeeiuuirrieeeeaasuirrreeeesasanreneeesesassesnnnneeeeas 55

ANNEX C: INFORMATION THAT A MANUFACTURER MUST PROVIDE WHEN APPLYING FOR AUTHORISATION57
ANNEX D: A MINIMA LIST OF VOLATILE ORGANIC COMPOUNDS (HALOGENATED OR NON-HALOGENATED)

THAT MUST BE TESTED FOR .....cciiiiiiiiiiiiiiiininininiiinnnsesssssssssssssassssssssssssssssssssssssssssssssssssssssssssssssssssssssns 58
ANNEX E: MEASURING THE CHLORINE DEMAND........cccititiimttiitiiiinntiiiiieniiesssesnssssesssssemsssssessnes 59
ANNEX F: STANDARD APPROVAL FORM.....cciiiiiiiiinnnniiiiiiinnnnitieiiiiinniseeiiimimmmieesismmmmssssesssmmmmsssssesssnns 60

6/60



List of figures
Figure 1: Block diagram showing implementation of the T 90-601 standard...........ccccccveeeeviireeiecieee e 24

Figure 2: Block diagram showing performance of tests according to the EN 12873-3 standard, supplemented by

L =] o g0t K I - RSN 27
Figure 3: Block diagram showing generation of the control sSample .........ccoccvivieciii e 28
Figure 4: Decision tree for assessing the safety of ion @XChangers.........ccvveeciii e 38
List of tables

Table I: Most widely used regenerating ProdUCES. ........ooiiiiiee i e e e e e et rr e e e e e e sabraneeeeeenans 13
Table II: Types of disinfectants currently recommended by manufacturers ..........cccocveeeeceeeccee e, 14
Table IlI: Criteria of acceptability for the materials assessed according to the XP P41-250 standard.................. 23
Table IV: Summary of parameters and Criteria USEd ...........eoieiiiiiiiiiiiie e e e e e e rae e e e e e 30
Table V: Summary of parameters and criteria used for inorganic ion exchangers...........ccccceeccviiieeeieeicciiieeee e, 32
Table VI: Recommended analysis MEthods ...........oooiiiiiiiiiie e e e e e e e e e e rae e e e e e eans 33

7/60



Definitions and glossary

Affinity — Selectivity coefficient: a resin’s affinity with the different ions determines its selectivity. The
selectivity coefficient (usually denoted by o) depends on interactions between the ions (mainly related to their
charge and their hydrated ionic radius) and the functional groups of the resins. [Fr. Affinité]

Bed: quantity of ion exchange material placed in a column. [Fr. Lit]
Bed volume: volume occupied by the bed (granular material). [Fr. Volume du lit]

Brine: concentrated salt solution with concentration higher than 3.5% by weight, i.e. more concentrated than
sea water. As an example, sodium chloride is used for regenerating ion exchangers used for softening. [Fr.
Saumure]

Clinoptilite (Clinoptilolite): natural zeolite that is selective, particularly of ammonium ions. [Fr. Clinoptilolite]

Co-current: term describing an exchanger in which the regenerating agent (or the rinse water) percolates
during the regeneration (or rinsing) phase in the same direction as the water to be treated during the
exhaustion phase. [Fr. Co- courant]

Control water: water which has only been in contact with the test bench used for the migration tests, and not
with the exchanger. [Fr. Eau témoin]

Counter-current: term describing an exchanger in which the regenerating agent (or the rinse water) percolates
during the regeneration phase in the opposite direction to that of the exhaustion phase. [Fr: contre-courant]

Cycle: series of operations conducted on an exchanger, beginning at a certain state and returning to an
identical state. An exchanger’s operating cycle corresponds to a exhaustion phase then a regeneration phase.
In practice, the term ‘cycle’ is often used for the exhaustion phase alone. [Fr. Cycle]

Exhaustion: phase during which the ions to be eliminated are bound by the exchanger while the fluid to be
treated percolates through the exchange bed. This phase corresponds to the exchanger’s production period.
[Fr. Epuisement]

Displacement: elimination of an ion bound to the resin by an ion whose affinity is greater (stoichiometric
exchange). [Fr. Déplacement]

Distribution coefficient: ratio of the concentrations, measured at equilibrium, between the exchanger and the
water for a given ion. [Fr. Coefficient de partage]

Elution: elimination of an ion bound to the resin by an ion whose affinity is lower, but whose concentration is
high. [Fr. Elution]

Exchange capacity: number of exchange sites in milliequivalents (mEq) or equivalents (Eq) per unit of mass (or
volume) of resin (mEq/g, Eq/kg, Eq/L). [Fr. Capacité d'échange]

Exchange constant: ratio of the distribution coefficients for the exchanged ions, between the exchanger and
the water, at equilibrium. [Fr. Constant d'échange]

Exchange front: change in saturation in the case of displacement (exhaustion). [Fr. Front de permutation]

Formulation: in the case of an organic or inorganic material, the formulation comprises all the chemical
substances, including commercial products, used in the material’s initial composition (qualitative and
guantitative) and those used during the manufacturing process until the finished product is obtained. [Fr.
Formulation]

lon exchanger: insoluble, granular, organic or inorganic material whose structure contains cation-exchange or
anion-exchange functional groups and which is liable to exchange ions in the fluid with which it is in contact.
This exchange enables the composition of the treated fluid to be altered. [Fr. Echangeur d’ions]

Material: component of a finished product, consisting of a basic part having no water treatment function. It is
characterised by its trade name and generic name in the case of metals or minerals, or by its trade name and
formulation for organic materials (organic polymers, rubber- or silicone-based elastomers, etc.). [Fr. Matériau]

Migration: the process by which a substance from the tested element is transferred into water. [Fr. Migration]
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Permutation: stoichiometric exchange of one ion with another, between the exchanger and the solution. [Fr.
Permutation]

Positive reference lists: lists of chemicals that can be used to manufacture a material or object coming into
contact with water intended for human consumption. Substances not appearing on any of these lists must not
be used. [Fr. Listes positives de référence]

Regeneration: operation performed on a saturated ion exchanger to restore it to its original state by circulating
an appropriate solution, in either a co-current or counter-current direction, within the exchanger.

Regenerating agent: reagent used to ensure regeneration. [Fr. Régénération]
Resin: generic term for the granular organic materials used in ion exchange. [Fr. Résine]
Softening: treatment in which calcium and magnesium are exchanged with sodium. [Fr. Adoucissement]

Test water: water which has been in contact with the ion exchanger samples during migration tests. [Fr. Eau
d'essai]

Zeolite: generic term for the silicoaluminates used as ion exchangers. [Fr. Zéolithe]
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Abbreviations

ACS: Health Compliance Certificate (Attestation de Conformité Sanitaire)
AFNOR: French Standards Institute

AFSSA: French Food Safety Agency

BV: Bed Volume

CSHPF: French High Council for Public Health

CSP: French Public Health Code (Code de la Santé Publique)
DVB: Divinylbenzene

EN: European Standard

EVB: Ethylvinylbenzene

FASS: Flame Atomic Absorption Spectrometry

GC/MS: Gas chromatography/Mass spectrometry

GF/AAS: Graphite Furnace Atomic Absorption Spectrometry
HETP: Height Equivalent to the Theoretical Plate

ICP-AES: Inductively Coupled Plasma-Atomic Emission Spectrometry
ICP-MS: Inductively Coupled Plasma — Mass spectrometry
IUPAC: International Union of Pure and Applied Chemistry
IZA: International Zeolite Association

LC/MS: Liquid chromatography/Mass spectrometry

NF: French Standard

pH: potential of Hydrogen

SML: Specific migration limit (in food or in the simulator fluid)

TOC: Total Organic Carbon
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Introduction

Water intended for human consumption is a vital nutrient. As such it must be continually distributed in
sufficient quantity and of the best possible quality. It may be consumed by the general population and is
subjected to special purification treatments which evolve as innovations are introduced. These innovations can
address health and technical problems, although their efficacy and safety must be ascertained by verifying that
they do not degrade the water’s organoleptic, chemical and/or microbiological qualities.

lon-exchange resins have long been used for purifying drinking water and the first approvals for their use in the
treatment of water intended for human consumption were issued by the Ministry for Health in the 1990s. They
are also being used increasingly in the privately-owned sections of domestic water distribution systems. The
best-known processes using ion exchangers are softening, decarbonation and nitrate removal. Other specific
exchangers have also been developed, for instance for eliminating boron.

The regulations on ion-exchange resins are currently specified in two circulars dating from 1985° and 1987".
The Ministerial Order of 29 May 1997° (as amended), in its Annex IV, specifies the components authorised for
their manufacture. The safety tests on ion-exchange resins, conducted under static conditions, are derived
from those used to assess the safety of the materials used for pipes, tanks and seals.

Since its inception, AFSSA has been responsible for the scientific and technical assessment of marketing
authorisation applications for treatment products and processes used for water intended for human
consumption in France. With the amendment of Articles R.1321-1 et seq. of the Public Health Code, the
assessment of the safety and efficacy of innovative treatment products and processes is based on an
application file containing the elements defined in the Ministerial Order of 17 August 2007° (as amended). With
the experience it has gained from previous ion exchanger approval applications, AFSSA is proposing in this
report a set of guidelines for their assessment. To this end, it has established a working group which has been
instructed to improve the current provisions, adapt them to the European context and update the procedure in
light of current scientific and analytical elements.

This report sets out the conditions for assessing the safety of ion exchangers. Their application should ensure
that henceforth AFSSA’s opinion is only sought for particularly specific or complex applications. It should also
facilitate the marketing of ion exchangers used for the treatment of water intended for human consumption,
while maintaining a high level of safety.

? Circular DGS/DGE/1.D./1135 of 23 July 1985 on the use of anion-exchange resins for the treatment of water intended for human
consumption.

b Circular DGS/SP5546/10041 of 27 May 1987 on the use of cation-exchange resins for the treatment of water intended for human
consumption.

° Ministerial Order of 29 May 1997 on the materials and objects used in permanent installations for the production, treatment and
distribution of water intended for human consumption.

d Ministerial Order of 17 August 2007 on the compilation of the marketing authorisation application for a product or treatment process for
water intended for human consumption (amended by the Ministerial order of 4 June 2009).
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1 General aspects of ion exchange and use of ion exchangers in water
treatment

1.1 Ion exchange and the main types of ion-exchange resins

An ion exchanger is an insoluble, granular, organic or inorganic material to which ion exchanger functional
groups are bound. lon exchange then consists in replacing, by permutation, the ions found in the solution in
contact with the ion exchanger, with those bound to the functional groups. This exchange can alter the
composition of the fluid in contact with the exchanger and thus performs the treatment.

There are several different kinds of exchanger, the most widespread on the industrial scale being synthetic
resins, which, depending on their type, are used for different treatments such as softening, decarbonation,
demineralisation or elimination of NH," ions.

In general, ion exchangers are characterised by:
- their selectivity, i.e. the relative affinities of different ions for the treatment medium,
- their distribution coefficient, i.e. the ratio of the concentrations, at equilibrium, between the
exchanger and the water for a given ion.
More detailed information on the various types of ion exchangers, their operating principles and
characteristics, are given in Annex A.

1.2 Use of ion exchangers

When an ion exchanger is exhausted or saturated, its binding capacity falls to zero. The ion exchanger must
then be returned to its original ionic form so that it can be reused for a new cycle. This is the regeneration
sequence, which involves shifting the chemical balance by providing a high concentration of the ion to be
exchanged in the subsequent cycle (Na*, OH’, H® or CI). To do this, a chemical carrier of this ion is used: the
regenerating agent (sodium chloride for Na"and CI, a mineral acid for H', caustic soda for OH).

1.2.1 Operating cycle of a regenerable ion exchanger
There are four phases in an ion exchanger’s operating cycle:

- saturation (production/useful phase): the solution passes through the exchange bed (downward
current) until the bed is saturated. At the leakage point (when the leakage threshold value has been
reached), the production phase is stopped.

- decompacting: this phase serves to eliminate particles that have been deposited on the surface of the
bed, using an upward current of water.

- regeneration: this occurs when a regenerating solution is introduced by percolation (upward in the
case of a counter-current, downward in the case of a co-current). Depending on the exchanger type
and the ions exchanged, the regeneration process will involve elution or displacement. Table 1 gives a
list of the most widely used regenerating products.

- rinsing: during this phase, the excess regenerating agent found in the water is eliminated at low speed
until there are only small traces of regenerating agent left in the resin: this is the slow rinsing phase.
This is followed by a rapid rinsing stage whose faster rate removes the last traces of regenerating
agent.
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Table I: Most widely used regenerating products

Sodi
° IL.jm Hydrochloric acid Sulfuric acid Soda Carbonic acid
chloride
Formula NaCl HCI H,SO, NaOH H,CO;
Molar mass 58.5 36.5 96 40 62
Pellets Gas dissolved
Available forms Pellets Solution Solution a_s Issolve
Caustic soda in water
Solution in
Solubility in . 33 to 35% HCI 92 to 98% 800 g/L water
306 g/L at 20°C .
water i.e.380t0410g/L | i.e. 1.7 to 1.8 kg/L (flakes) depending on
the pressure
Strong cation- . .
Strong cation- Strong anion-
exchange e Strong cation- e
L + | exchange resinsin g exchange resins in | \weak cation-
Use with ion resins in Na H* exchange resins in OH
PR exchange
exchangers Strong anion- . H" (risk of CaSO, _ resins
exchange Weak catlor.1— precipitation) Weak anlon.-
R exchange resins exchange resins
resins in Cl
Fuming acid Very hazardous
Salt is neutral: , acid Weak acid not
. . . Corrosive vapours Very hazardous
Observations its use is non- Sharp rise in base very
hazardous its use is temperature on hazardous
hazardous dissolution
Use !)omes'gc and Industrial use Industrial use Industrial use Industrial use
industrial use
Sta;:;trs of NF EN 973 NF EN 939 NF EN 899 NF EN 896 NF EN 936

1.2.2 Disinfection

lon exchangers are liable to trap particles suspended in the water that passes through them. Moreover, the
exchangers are potential media for the colonisation of bacteria. In the event that contaminated water passes
over an ion exchanger, the exchanger may therefore temporarily trap microorganisms, some of which can
colonise the surfaces to form a biofilm.

While the exchangers are operating, these microorganisms can foul them and interfere with their functioning.
However, the regeneration conditions and the physico-chemical properties of the regenerating products (a
highly acidic or highly alkaline medium) mean that bacterial growth will be limited.

Shutting down an ion exchanger for a prolonged period of time promotes bacterial growth, so it is necessary,
after a contamination episode in the system or after a prolonged shutdown, to disinfect the ion exchangers.
However, in the case of a system contaminated by Cryptosporidium, the effectiveness of disinfection is
unproven and AFSSA recommends changing or regenerating the resin, for at least one cycle, before using the
treated water®.

€ AFSSA Scientific and Technical Support of 19 August 2009 on the health risks associated with the use of softeners and collective and
individual water heaters when a distribution system is contaminated by Cryptosporidium (No. 2003-SA-0337)
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When disinfecting, ion exchanger manufacturers generally advocate carrying out regeneration at the same
time. Table Il specifies the disinfectants currently recommended.

Table II: Types of disinfectants currently recommended by manufacturers

Hypochlorite

Hydrogen . Sodium Calcium obtained by
: Peracetic acid . . .
peroxide hypochlorite hypochlorite | electrolysis of a
NaCl solution
Formulation H,0, CH3-COOOH NaClO Ca (ClO), NaClO
Molar mass 34 76.1 74.5 142.99 74.5

Solution (always

'sold.in _ 10-30% active
combination with | ¢hiorine solution

Available forms Solution . . Granules Solution
acetic acid and
hydrogen
peroxide)
Standard of EN 902 No specific NF EN 901 NFENS00 | Soomiacdot Zl?rity
purity standard for sodium chloride

1.3 Examples of ion exchanger applications in water

1.3.1 Softening (Ca2*/Na* permutation)

Softening is the most common application for the treatment of water intended for human consumption. It
usually involves replacing the alkaline-earth ions (Ca2+, Mg2+) with alkali ions (Na®), as the alkaline-earth ions
cause the deactivation of detergents and soaps through complexation, and the scaling of boilers through
precipitation of carbonates.

Softening is carried out on a strong acid resin in Na* form according to the equilibrium:
+ 2+ + 2+
2Nay + Ca75) & 2Nay) + Ca™y

where the subscript (r) indicates the ion bound to the resin and the subscript (s) is the one in solution. When
the equilibrium shifts to the right, the Ca”" ions bind themselves to the resin and the Na® ions pass into the
solution.

To regenerate the resin, the equilibrium must be shifted to the left, which requires the use of a saturated
solution of sodium.

1.3.2 Decarbonation (Ca (CO3H)*/H*permutation)

On weak acid resins (carboxylic exchangers, etc.) the bonds with the ions are covalent and not electrostatic as
with strong acid resins (sulfonic acid exchangers). Although there is no well-defined distance for the
electrostatic bonds, the same is not true for the covalent bonds. Therefore, a divalent ion such as ca®* will
deploy two bonds on a sulfonic acid resin, but will be unable to do this with a carboxylic resin'. It therefore
follows that on a carboxylic resin, the Ca” ion binds itself to a single site, bringing with it one anion, most often
CO;H’, which is the commonest anion in hard water. Thus it is the Ca (COsH)" complex which binds itself to the
resin. Simultaneous with the softening, therefore, decarbonation also takes place.

for this, it would be necessary for the bond distances to correspond exactly to the distance between two active sites, which is not the

case.
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On a weak acid resin, the H" ions are more firmly bound than the Ca” ions. Thus regenerating a carboxylic resin
using a strong acid is very easy as it involves displacement and no excess acid is necessary, unlike the
regeneration of a sulfonic acid resin using Na* ions which have a lower affinity than Ca™. In this case, elution
takes place. With regard to the bond, it should not normally be formed if there is no shift in equilibrium due to
the presence of the weak base CO;H'.

Consider the following equilibrium equations, where the subscript (s) corresponds to the ions in solution and
the subscript (r) to the ions bound to the resin:

(1) KCa/H:Ca2+(S) + 2H+(r) & 2H+(s) + Caz+(,)

(2) 1/Kcosmp: 2 COsH ) + 2H+(s) & 2CO3Hy

(1) +(2) K Ca**g+ 2COsH gy + 2H'y & Ca’) + 2COsHyq

The exchange constant K¢,y is around 10° (negative log), i.e. equation (1) is usually shifted to the left and the
Ca” ions are much less firmly bound than the H" ions. However, the global constant Kg is equal to Keam /Keosnz
i.e. around 10°/10°* (positive log) and equation (1) + (2) is shifted to the right and the number of Ca’ ions
bound on the resin is very high (greater than 99.9%).

It therefore follows that the Ca>* bond on a carboxylic resin can only be formed in the presence of CO3;H’, which
is often the case for natural hard waters, with a temporary elimination of the hardness.
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2 Regulatory context

The marketing of products and processes for treating water intended for human consumption on the one hand,
and their use in permanent water production and distribution plants on the other hand, are subject to
regulatory provisions. The ion exchangers used for the treatment of water intended for human consumption
are concerned by these provisions.

In addition, all materials and objects used in connection with the use of ion exchangers designed for treating
water intended for human consumption must comply with the regulatory requirements in force. An overview
of these regulations is given in Annex B.

2.1 Conditions for the marketing and use of products and processes for
treating water intended for human consumption

2.1.1 Marketing of products and processes for treating water intended for human
consumption

As with any materials and objects coming into contact with water intended for human consumption, and in
accordance with the provisions of the French Consumer Code®, anyone overseeing the marketing of such
products is required to ascertain that they are suitable for their intended use, that they comply with the
regulations in force and that they are not liable to constitute a danger to consumer health.

In accordance with the provisions of Article R.1321-50 of the French Public Health Code (CSP), “the treatment
products and processes on the market and intended for treating water intended for human consumption must,
under the normal or foreseeable conditions of their use, comply with the specific provisions laid down by Order
of the Minister for Health to ensure that:

- they are not liable, either intrinsically or through their residues, to present a direct or indirect danger to
human health or to bring about an alteration in the water composition defined by reference to values
set by this Ministerial Order;

- they are sufficiently effective.”

Ministerial Orders, made in application of Articles R.1321-50-1 and Il of the CSP, will determine the specific
provisions relating to the treatment products and processes, according to the groups to which they belong and
their uses. These orders will also establish the conditions for certifying compliance with these provisions, which
may be effected, depending on the groups and the uses:
- either by whoever oversaw the market launch of the product or treatment process;
- or by a laboratory authorised by the Minister for Health" in application of Article R*.1321-52 of the
CSP.

However, in the event that a corporation wishes to market a treatment product or process which does not
correspond to any of the groups or uses provided for under Article R.1321-50-1 of the CSP, the corporation
must comply with the provisions of Article R.1321-50-1V of the aforementioned Code, which corresponds to
products or processes considered as ‘innovative’ and not meeting the general duty of compliance, and which
may require a higher level of expert assessment and safety. This corporation must then send the Ministry for
Health a file containing proof of the safety and efficacy of the product or process. To be admissible, this file
must include the information specified in the Ministerial Order of 17 August 2007° (as amended). This proof
must be provided by whoever oversaw the market launch of the product or process. When requested by the
Ministry for Health and based on the file it has been sent, AFSSA shall issue an opinion on the proof that has

Articles L.121-1 and L.212-1 of the French Consumer Code
The list (in French) of authorised laboratories is available on the Ministry for Health’s website:
www.sante.gouv.fr/htm/dossiers/eaux_alimentation/materiaux/liste_labo.pdf
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been provided on the safety and efficacy. In the absence of a favourable opinion from AFSSA, the marketing of
the water treatment product or process is prohibited.

2.1.2 Use of products and processes for treating water intended for human consumption

Article R.1321-51 of the CSP stipulates that “the person responsible for the production, distribution or
packaging of any water, other than ‘spring water’, shall use products and processes for treating water intended
for human consumption, in accordance with the provisions of Article R. 1321-50. For ‘spring water’, the
applicable provisions are those of Article R. 1321-85”.

Anyone overseeing the marketing of a product or process for treating drinking water must therefore:
- offer products or processes that comply with the specific regulatory provisions for the group of
products or processes to which it belongs;
- ensure, prior to its market launch, that it complies with the relevant specific provisions;
- send to the authorities and make available to its customers proof of the safety of the product or
process, certifying its compliance with the specific provisions.

The provisions of the CSP apply, according to each party’s area of responsibility:
- to manufacturers marketing products or processes for treating drinking water, as well as operators
(resellers, assemblers, etc.);
- to persons responsible for the production, distribution and packaging of water.

These provisions apply to all products and processes used, or liable to be used, for the treatment of water
intended for human consumption:
- in public distribution systems, from the water intake point in the natural environment to the
connection points of subscribers (including storage pools);
- in systems within buildings, including in hot water distribution systems.

2.1.3 Specific provisions and proof of compliance relating to groups of water treatment
products and processes

To date, many groups of products and processes for treating water intended for human consumption have
been identified. Pending the publication of the Ministerial Orders listed in Article R. 1321-50 of the CSP, the
specific provisions to be complied with for certain groups of treatment products and processes have been
defined in a number of circulars, in particular Circular DGS/VS4 no. 2000-166 of 28 March 2000 relating to
products and processes for the treatment of water intended for human consumption.

2.2 Specific provisions relating to ion exchangers for the treatment of
water intended for human consumption

2.2.1 Existing provisions

Water treatment technologies based on ion exchange have been in use for a very long time. Marketing such
technologies for the treatment of water intended for human consumption falls under the provisions of Article
R.1321-50 of the CSP.

The procedure for assessing safety is based on a procedure adapted from those used to test water contact
materials (XP P41-250i). It is conducted on the basis of an application for approval of the resin, sent to the
Minister for Health by whoever is overseeing its marketing, accompanied by a technical file whose content is
specified in the aforementioned Circulars of 23 July 1985 and 27 May 1987. AFSSA is entrusted with assessing

AFNOR standard XP P41-250-1 Effect of materials on the quality of water intended for human consumption — Organic materials — Part
1 from December 2001: Measurement method for the organoleptic and physico-chemical parameters; Part 2 from December 2001:
Method for measuring mineral and organic micropollutants; Part 3 from April 2003: Method for measuring cytotoxicity
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these applications, in accordance with the provisions of the Circular of 30 December 2003'. Since its inception,
AFSSA has issued 43 opinions, of which 27 were favourable, and has expressed an opinion on 37 different ion-
exchange resins.

An application for approval shall include:

- an examination, conducted by a laboratory authorised by the Ministry for Health, of the chemical
formulation (composition and constitution) of the materials used to manufacture the ion exchanger.
This examination is conducted under the same conditions as those laid down for materials used in
contact with water intended for human consumption, considering in particular that ion-exchange
resins are currently covered by the provisions of the Ministerial Order of 29 May 1997 (as amended).

- the results of migration tests carried out by a laboratory authorised by the Ministry for Health
according to two test protocols:

o the protocol used for verifying the inertia of the organic materials placed in contact with
water intended for human consumption, which has been adapted to the specific
characteristics of ion-exchange resins. This protocol is defined in the aforementioned test
standards XP P41-250 (Parts 1, 2 and 3) and is supplemented by the measurement of residual
levels of DVB and EVB in the resin and the migration water, if these substances appear in the
resin’s formulation,

o the protocol used for testing the elution profile of the TOC, under semi-dynamic conditions as
defined by the T 90-601% standard.

These migration tests are carried out under the conditions of use recommended by the ion exchanger
manufacturer and are designed mainly to assess:

- possible interactions between the resin and the water to be treated, and between the resin and the
regeneration products and/or disinfectants employed when using the resin;

- the suitability of the rinsing procedures employed to remove all the solutions used.

The tests are conducted in static conditions that are not representative of the conditions in which ion
exchangers are used, which are always dynamic. Moreover, the quantities of resin used for the tests are
adapted empirically depending on the tests, and the exchange surface area varies depending on the size of the
resin beads.

2.2.2 Conditions for renewal of approval

Under the guidelines established by the CSHPF for applications to renew approval of an ion-exchange resin, and
if there has been no change relative to:

- theresin’s composition,
- the recommended regeneration and/or disinfectant products,
- therinsing procedures,

since the date on which approval was obtained, a simplified procedure is applied for renewing approval after
five years. Only the following tests are conducted by a laboratory authorised by the Ministry for Health:

- elution profile of the TOC,
- measurement of residual levels of DVB and EVB in the resin and the migration water, if these
substances appear in the resin’s formulation.

In the event of a modification to the composition of the resin, or the regeneration or rinsing products, the
procedure must be repeated in full.

7 Circular DGS/SD7A/2003/633 of 30 December 2003 relating to the application of Articles R. 1321-1 et seq. of the Public Health Code
concerning water intended for human consumption, excluding natural mineral water

Standard T 90-601 of December 1988: Water treatment — lon-exchange resins — Rerelease test of total organic carbon
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2.2.3 Call for updating the assessment of ion exchangers prior to marketing

The procedure used is no longer suited to the current context and needs to be updated in the light of
experience gained since the 1980s and the following elements:

- the test protocol for resins currently used by the laboratories authorised by the Ministry for Health to
verify the health compliance of the resins is not the one taken into account by the aforementioned
European standard NF-EN 12873-3 in force;

- the parameters currently monitored during migration tests (measured in the test water) include some
which are no longer relevant, or whose interpretation needs to be reviewed.

The purpose of this document is to identify the scientific evidence necessary for verifying the safety and
efficacy of ion exchangers.

On this basis, the laboratories authorised by the Ministry for Health will be able to rule on applications for
approval of ion exchangers.

However, files compiled for the assessment of inorganic ion-exchangers such as zeolites, and for innovative ion
exchangers, particularly those based on nanoparticles or using nanotechnologies, will continue to be assessed
on a case-by-case basis by AFSSA in line with the procedure described in this report.

The laboratories authorised to conduct tests and rule on applications for the approval of ion-exchange resins
used for the production of water intended for human consumption must meet the requirements of the
Ministerial Order of 18 August 2009 relating to the conditions for authorising laboratories in application of
Article R.* 1321-52 of the CSP.
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3 Assessment of the safety of ion exchangers

The assessment of the safety of an ion exchanger should be based upon:
- an examination of the compliance of its formulation,
- migration tests carried out on the ion exchanger,
- acomparison of the results of these tests with the criteria of acceptability.

3.1 Examination of the chemical formulation

The applicant should send the laboratory authorised by the Ministry for Health in charge of the assessment of
the ion exchanger’s safety a detailed list of all the chemicals used in the manufacture of the exchanger, and
should in particular specify the weight percent of each substance as indicated in Annex C (CAS no., purity, etc.).

These declared substances are compared with:
- the positive lists given in Annex IV of the aforementioned Ministerial Order of 29 May 1997 (as
amended),
- the positive lists given in AFSSA’s report and opinion of 14 September 2007,
Moreover, if the list contains the substances DVB and EVB, the laboratory must verify compliance with the
maximum amounts of these substances, in accordance with the limits defined in the Ministerial Order of 19
October 2006™.

The working group proposes revising the examination of the formulation to allow migration tests to be
conducted in the case of substances which are known, but which do not appear on the positive lists, and which
represent less than 1% of the dry mass of the resin (finished product).

3.1.1 Casesleading to refusal
Examination of the chemical formulation of the ion exchanger will lead to refusal if:

- any of the substances used in the formulation of the ion exchanger do not appear on the
aforementioned positive lists and if any of these unlisted substances exceeds 1% of the dry mass of
the resin (finished product),

- any of the declared substances appear on the aforementioned positive lists but exceed the
corresponding restrictions and/or specifications (adapted for water), for example, for DVB and EVB.

In these cases the migration tests cannot be performed and the exchanger cannot be marketed for the
treatment of water intended for human consumption.

Opinion no. 2006-SA-0291 and Report of 14 September 2007 on the positive lists of substances used in the composition of materials in
contact with water intended for human consumption

Ministerial Order of 19 October 2006, amending the Ministerial Order of 2 January 2003, on plastic materials and objects in contact
with or intended to be in contact with food, food products and beverages.
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3.1.2 Casesleading to a continuation of the assessment

The safety assessment continues and the migration tests can be carried out in two situations. An examination
of the formulation is carried out every five years at most when renewing approval of an ion exchanger.

Situation 1: The examination of the ion exchanger’s chemical formulation deems that the ion exchanger’s
chemical formulation is compliant:

- all declared substances appear on the aforementioned positive lists and comply with the
corresponding restrictions and/or specifications (adapted for water),

- where necessary (for resins made from DVB), the restrictions and/or specifications (adapted for water)
for DVB and EVB have been complied with.

Situation 2: The examination of the ion exchanger’s chemical formulation reveals one or more declared
substances that do not appear on the aforementioned positive lists:

- The non-listed substances do not individually exceed 1% of the dry mass of the resin (finished
product). This corresponds to a level of impurity which is generally accepted in raw materials
commonly used for the manufacture of this kind of product,

- If the concentration of the substance is between 0.1 and 1% of the dry mass of the resin (finished
product), it must undergo specific monitoring during the migration tests. It will be screened for in each
of the four collections stipulated in the protocol recommended in Section 3.2.2 of this report.

Furthermore, in Situation 2, the manufacturer is recommended to:

e begin the process to register any incriminated substance on one of the aforementioned positive
lists,

e or, as far as possible, replace any incriminated substance with substances appearing on the
positive lists.

3.2 Inertia tests

The inertia tests are designed to assess any possible degradation in quality of the water in contact with the ion
exchanger.

3.2.1 The existing protocol

The inertia tests conducted on exchangers since 1985 are derived from the protocol described in the
aforementioned Circular of 23 July 1985. They are based on the migration tests carried out on organic materials
coming into contact with water intended for human consumption defined in the AFNOR experimental standard
XP P41-250 (parts 1, 2 and 3) and adapted for ion exchangers as follows:

- Pre-treatment before use is carried out according to the applicant’s recommendations (this usually
involves percolation with demineralised water or regeneration of the resin);

- The tests are performed under static conditions using 5 cm® of resin per litre of water (for measuring
the organoleptic parameters and the chlorine consumption) and 50 cm® of resin per litre of water for
measuring the other parameters;

- The disinfection stage stipulated by the XP P41-250 standard at 50 mg L™ of chlorine is carried out in a
column using the disinfectant and protocol recommended by the manufacturer. In general, the
disinfectant used is peracetic acid or sodium hypochlorite rather than chlorine.

Thus the current protocol includes:
- arapid screening assay (XP P41-250-1 standard),
- adetailed screening assay (XP P41-250-2 standard),
- acytotoxicity assay (XP P41-250-3 standard),

- if necessary, an assessment of the restrictions and/or specifications for EVB and DVB,
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- aToOC profile (T 90-601 standard).
® Rapid screening assay

Carried out according to the XP P41-250-1 standard, this mainly serves to assess the exchanger’s influence on
the water’s organoleptic quality. Certain key or general chemical parameters, such as the exchanger’s
consumption of chlorine and the total organic carbon leached by the exchanger, are also measured.

In accordance with the requirements of Circular 99 / 217 of 12 April 1999, the results of the rapid screening
assays (according to XP P41 250-1) must demonstrate:

that there is no increase in taste at a threshold greater than 2, after four immersions, or after seven
immersions, and that a steady decrease in the taste threshold is observed;

- that there is no increase in KMnO, oxidisability in an acid medium greater than or equal to 1 (mg/L O,),

- that the increase in chlorine consumption does not exceed 25%,

- that the increase in NH,, NO, and TOC concentrations is not greater than 0.1 mg/L NH,, 0.02 mg/L NO,
and 0.1 mg/L C respectively.

¢ Detailed screening assay

Carried out according to the XP P41-250-2 standard, this serves to assess any possible migration into the water
of mineral and organic micropollutants, toxic or undesirable, such as for example polycyclic aromatic
hydrocarbons, certain haloforms and metals. It also includes an analysis by gas chromatography coupled with
mass spectrometry (GC/MS) for detecting the potential migration of molecules from by-products of
polymerization or impurities existing in the basic constituents.

In accordance with the requirements of Circular 99 / 217 of 12 April 1999, the results of the detailed screening
assays must comply with the maximum increases given in Table Il below.

e Cytotoxicity assay
Carried out according to the XP P41-250-3 standard, this provides information on the overall toxicity that may
be induced by the resin, due to the presence of any substances not detected by chemical analysis.

In accordance with the requirements of Circular 99 / 217 of 12 April 1999, the results of the cytotoxicity assay
are considered satisfactory when the percentage of RNA synthesis compared to the control is greater than or
equal to 70%.

e Assessment of compliance with the restrictions and/or specifications for divinylbenzene (DVB) and
ethylvinylbenzene (EVB)

Measurements of residual levels of DVB and EVB in resin and migration water are carried out if these

substances were included in the chemical composition of the resin. The maximum tolerated concentrations of
DVB and EVB were defined in the aforementioned Ministerial Order of 19 October 2006.
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Table llI: Criteria of acceptability for the materials assessed according to the XP P41-250 standard

Parameters

Criteria of acceptability (increase with respect to

the control)

Physico-chemical parameters:

Polycyclic Aromatic Hydrocarbons (PAHSs)

Halogenated volatile organic compounds

Non-halogenated volatile organic compounds

GC/MS profile

TOC 1 mg/L
Mineral micropollutants:
Mercury 0.2 pg/L
Cadmium 1 pug/L
Selenium 2 ug/L
Antimony 2 ug/L
Chrome 10 pg/L
Arsenic 2 ug/L
Lead 2 ug/L
Nickel 4 pg/L
Organic micropollutants:
Polychlorinated biphenyls (PCBs) 0.1 pg/L

0.2 pg/L for all 6 substances *
3 pg/L for carbon tetrachloride
2 ug/L for tri- and tetrachloroethylene
20 pg/L for all the THMs**
1 pg/L for each compound detected

1 pg/L for each compound detected

* fluoranthene, benzo(3,4)fluoranthene, benzo(11,12)fluoranthene, benzo(3,4)pyrene,
** chloroform, bromoform, dibromochloromethane and dichlorobromomethane

- TOC profile

benzo(1,12)perylene, indeno(1,2,3-cd)pyrene

Under the system in place since 1985, a test of the TOC elution profile (under semi-dynamic conditions) is also
conducted according to the AFNOR T 90-601 standard of December 1988. According to this standard, which is
also used by industry to assess its production, the resin undergoes stagnation for 24 hours in demineralised
water before a collection is made of five successive 100 mL portions of demineralised water having percolated

through 100 mL of resin at a rate of 500 mL/h.

- The testing device (without a sample) is verified before the test and the level of TOC on output from

the column must be less than 0.5 mg/L.

- The demineralised water used is verified and its TOC content

(Co) must also be less than 0.5 mg/L.

- The TOC is analysed using the five portions, and the sum of the TOC values from the five collections

must not exceed 10 mg/L (criteria of acceptability):
Zoet’ (C)) = 5Cp <10 mg/L

where C,=TOCtestn
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Figure 1: Block diagram showing implementation of the T 90-601 standard

Resin pre-treatment

(supplier’s recommendations)

v

100 mL of resin added to the column.
200 mL of demineralised water added

v

Rinsing with 2 L of demineralised water at
1000 mL/h
for 2 hours

v

Stagnation in 100 mL of demineralised
water for 24 hours

v

C1 100 mL collected at 500 mL/h
for 12 minutes

A 4
C2 100 mL collected at 500 mL/h
for 12 minutes

A 4

C3 100 mL collected at 500 mL/h
for 12 minutes

A 4

C4 100 mL collected at 500 mL/h
for 12 minutes

A 4

C5 100 mL collected at 500 mL/h
for 12 minutes

Requirements for the sample analysed

The exchanger sample upon which the inertia tests are carried out must meet the following criteria:

the chemical composition used for industrial production is identical to that used for producing the
resin sample concerned by the authorisation application;

the manufacturing conditions of the sample submitted for testing are representative of the resin’s
conditions of production and use.

if an exchanger offers a variety of resin bead sizes, for the same chemical composition and
formulation, the tests are conducted on the exchanger with the smallest bead size since it will have
the greatest exchange surface area.
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3.2.2 Proposed protocol to apply to samples of ion-exchange resins for assessing their
safety

The XP P41-250 standard is poorly suited to treatment media such as ion exchangers which need to be tested
under dynamic or semi-dynamic conditions. The EN 12873-3 standard of June 2006 applies a semi-dynamic
protocol which corresponds to the actual conditions of use of ion exchangers. To conform with the European
context regarding trade in goods and to facilitate recognition of assessments between member states, the
proposed protocol adopts the entire European protocol for obtaining migration samples. However, this
protocol has been expanded, in order to retain the relevant tests conducted since 1985. The proposed protocol
therefore involves several tests:

- generation of a TOC elution profile in accordance with the T 90-601 standard, carried out according to
the methods and based on the criteria of acceptability set by the French protocol applied since 1985.
This profile must be obtained before the protocol adapted from the EN 12873-3 standard can be
applied, and if the TOC values are higher than the standard’s criteria of acceptability the marketing of
the exchanger must not be authorised.

- conduct of a semi-dynamic test adapted from the aforementioned EN 12873-3 standard.

The requirements concerning the analysed exchanger sample are maintained.

3.2.2.1 Tests not adopted

The tests carried out according to the XP P41-250 1, 2 and 3 standards have been replaced by tests from the
EN 12873-3 standard. This standard is specific to ion exchangers and is more suitable than the materials
standards used previously. Accordingly, certain tests whose results needed expert interpretation, particularly
the tests in chlorinated water and the cytotoxicity tests, have been abandoned in favour of tests which are
more easily interpreted in the case of ion exchangers.

With regard to assessing compliance with the restrictions and/or specifications as specified in AFSSA’s opinion
of 19 April 2002", the analyses relating to the presence of DVB and EVB in ion-exchange resins are not able to
verify their absence in the water in contact with the resin. Therefore, the assessment of the maximum quantity
of divinylbenzene (DVB) and ethylvinylbenzene (EVB) in the resin has not been adopted.

3.2.2.2 Description of the semi-dynamic test adapted from the EN 12873-3 standard

This test is conducted in the laboratory according to the steps described in the diagram in Figure 2, on
exchanger samples provided by the applicant. The test also includes a control, i.e. a test of an identical system
which does not include a resin sample, carried out according to the steps described in the diagram in Figure 3.

The columns used for testing, with a capacity of 1000 mL or 2000 mL, must correspond to the EN 12873-3
standard (Annex B) which mainly states that the system used for verifying safety should include:

- atank with a capacity of 10 L,

- apump,

- acolumn 50 mm in diameter and with a minimum height of 400 mm,

- amark at 500 mL to indicate the fill level for the ion exchanger.

" AFSSA opinion of 19 April 2002 on a report relating to the presence of divinylbenzene (DVB) and ethylvinylbenzene (EVB) in ion-exchange
resins (ref 2001-SA-0215)
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e  Obtaining samples of migration water
Samples of migration water are obtained according to the protocol described in the EN 12873-3 standard.

However, the European standard makes no provision for carrying out the migration test after the exchangers
have been disinfected. Yet this step can sometimes be detrimental to the ion exchangers when it is carried out
under unsuitable conditions (concentrations, temperature, etc.). The working group therefore recommends the
addition of extra steps in order to verify the absence of migration after the disinfection stage. The aim of steps
10 et seq., indicated in grey in Figure 2, is to verify that the disinfection protocol does not degrade the
exchanger too quickly. It must be conducted for each exchanger, according to the manufacturer’s
recommendations, and may, depending on these recommendations, be combined with the regeneration and
rinsing of the exchanger.

With regard to the application of the protocol, the working group provides the following details:

The exchanger volume of 500 mL indicated in step 2 of Figure 2 is fixed, regardless of the diameter of
exchanger beads used. The “surface area/volume” ratios are greater than in the protocol currently used in
France. When the same ion exchanger is available in several different bead sizes, the smallest bead size (i.e.
the one with the greatest exchange surface area) is the one that is tested.

The ion exchanger is tested with the regenerating agent recommended by the applicant.

The demineralised water used in steps 2 et seq. of Figure 2 complies with the requirements of the EN 12873-3
standard, Section 4.1:

- absence of chlorine,

- conductivity at 25°C less than 20 uS/cm,

- TOC less than 0.2 mg/L,

The exchangers must be tested with all disinfectants recommended by the manufacturer and, for each
disinfectant, the protocol must be repeated in full, as many times as necessary, although only the T4 collection
will be analysed.

In the event that different regenerating agents are used, the protocol must be followed in full for each one.

¢ Obtaining samples of control water

Given the leaching that may result from the test system itself, it is essential to conduct a control test. This test
consists in applying the water contact conditions protocol to a system that is identical to the one used to test
the ion exchanger, but without any samples. This ensures that no migration associated with the test system
interferes with the analysis results, and thus clearly determines the migration due to the ion exchanger.

The protocol for producing the control sample is given in Figure 3. It must be applied at the same time as the
test protocol with the resin on a device of identical composition.
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Figure 2: Block diagram showing performance of tests according to the EN 12873-3 standard, supplemented

by steps 10 et seq.

A 4

Step 5: Collection T1
(1500 mL** at 2.5 L/h, 40 minutes)

Analysis of T1

Step 1:
Pre-treatment
of the resin
(supplier’s recommendations)

v

Step 6: Stagnation in 500 mL* of
demineralised water for 24 hours

A 4

v

Step 2:
Addition of 500 mL of resin to the
column and 500 mL* of
demineralised water

Step 7: Collection T2
(1500 mL** at 2.5 L/h, 40 minutes)

Analysis of T2

v

A 4

Step 8: Stagnation in 500 mL* of
demineralised water for 24 hours

Step 3:
Rinsing for 2 hours (10 L of
demineralised water at 5 L/h) = 20
BV

!

A 4

Step 9: Collection T3
(1500 mL** at 2.5 L/h, 40 minutes)

Analysis of T3

v

Step 4:
Stagnation in 500 mL* of
demineralised water for 24 hours

Step 10: Disinfection as
recommended by the manufacturer

v

* 500 mL or the equivalent of 1 bed volume (BV)

Step 11: Stagnation in 500 mL* of
demineralised water for 24 hours

v

Step 12: Collection T4
(1500 mL** at 2.5 L/h, 40 minutes)

Analysis of T4

RN

** 1500 ml or the equivalent of 3 bed volumes (BV)
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Figure 3: Block diagram showing generation of the control sample
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Step 4: Collection T1
(1500 mL** at 2.5 L/h, 40 minutes)

Analysis of T1

v

Step 5: Stagnation in 500 mL* of
demineralised water for 24 hours

v

Step 6: Collection T2
(1500 mL** at 2.5 L/h, 40 minutes)

Analysis of T2

Step 1:
Preparation of the column with
500 mL of demineralised water

v

Step 7: Stagnation in 500 mL* of
demineralised water for 24 hours

Step 2: Rinsing
2 hours (10 L of demineralised
water at 5 L/h)

v

Step 8: Collection T3
(1500 mL** at 2.5 L/h, 40 minutes)

Analysis of T3

v

Step 3: Stagnation
in 500 mL* of demineralised water
for 24 hours

Step 9: Disinfection as recommended
by the manufacturer

v

* 500 mL or the equivalent of 1 bed volume (BV)
** 1500 mL or the equivalent of 3 bed volumes (BV)

Step 10: Stagnation in 500 mL* of
demineralised water for 24 hours

v

Step 11: Collection T4
(1500 mL** at 2.5 L/h, 40 minutes)

Analysis of T4

L

3.2.23

¢  Choice of parameters

Parameters and quality criteria for the semi-dynamic test
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The working group based its proposals on the parameters monitored in the French protocol applied since 1985.
It recommends retaining, for the four collections T1, T2, T3 and T4, the analysis of the organoleptic parameters
(smell and taste) and the general physico-chemical parameters (TOC and chlorine demand in the elution
water). With regard to the minerals, the working group believes that this screening should take place on a case-
by-case basis, only for those minerals used in the chemical composition and/or the manufacture of the ion
exchanger tested.




With regard to screening for organic micropollutants, the working group wishes to retain the analysis of
solvents: halogenated and non-halogenated volatile organic compounds (see the list in Annex D), as well as
generation of the GC/MS profile.

It also recommends adding the generation of an LC/MS profile which may be of use in the future, and the
analysis of specific compounds used in the resin’s composition and/or manufacture (such as chloroacetic acid,
NDMA, etc.).

Moreover, the laboratory responsible for applying the protocol will eventually have to monitor any
compound(s) not appearing on the positive lists and whose mass concentration is between 0.1 and 1%
identified during the examination of the chemical formulation of the ion exchanger (finished product).

e  Establishing criteria of acceptability

In the protocol applied since 1985, the criteria of acceptability correspond to 20% of the WHO guideline values,
or alternatively, the commonly accepted value of 1 ug/L expressed as the closest alkane where screening is
carried out. Note that in this specific case, inherited from tests conducted on materials, the volume of test
water is 1000 mL for a volume of resin of 50 mL.

For the new protocol, the working group proposes reviewing the process by taking into account the following
points:

- the ratio of resin volume/test water volume is greater in the European protocol (1500 mL) than in the
one applied since 1985 (1000 mL). At the same time, the volume of resin is 500 mL compared with
50 mL;

- the migration analyses are carried out after the stagnation phases, which correspond to the times
when leaching is most likely to occur;

- asthe exchanger is used, it regulates itself and leaching of undesirable compounds is reduced;
- no migration test is conducted on the exchanger after use, to monitor the effect on its safety of aging;
- ltis not feasible to maintain the criteria applied to materials for the exchangers because:

e the surface area of the treatment medium in contact with the water is greater than with
piping materials,

e the treatment medium is designed to alter certain characteristics of the water.

The working group therefore proposes applying a safety factor with a value of 2 to the criteria of acceptability
applied since 1985.

Therefore, in line with the European protocol, the criteria equivalent to those used since 1985 will be 6/5 of the
guideline values and the working group proposes setting the new criteria at 3/5 of the guideline values
applicable to the parameters used for water intended for human consumption. These new criteria offer
greater security than those applied since 1985.

The proposed criteria are therefore 3/5 of the threshold values for substances included in the Ministerial Order
of 11 January 2007.

For substances not included in the Ministerial Order of 11 January 2007, the same reasoning can be applied
with respect to the guideline values recommended by the WHO (3/5).

For substances not included in the Ministerial Order of 11 January 2007, nor in the WHO recommendations,
the proposed criterion of acceptability is 3 ug/L.

The working group emphasised that a concentration of 3 pg/L in migration water would correspond to a
substance added at 7.5 x 10™” of the mass of the ion exchanger (assuming that all of the substance migrates),
which is well below the limit of 0.1% proposed by the group in the examination of the chemical formulation.
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The criteria of acceptability based on cumulative methods represent a good decision support tool, even if these
methods do not always identify the molecules. Given both that the databases of mass spectrometers coupled
with liquid chromatography are not standardised and must be generated by each laboratory, and that the
analytical protocol significantly modifies the method of acquisition and identification, the LC/MS analysis
method is only recommended initially as a guide. Considering its advantages and the speed of progress in this
analytical field, past experience should be analysed and a technology watch carried out in order to be able to
apply these criteria of acceptability to the results of analyses obtained using LC/MS.

Table IV: Summary of parameters and criteria used

Parameters Criteria

Organoleptic parameters

Smell and taste threshold 3

Physico-chemical parameters

TOC 3 mg/L

40%

Chlorine demand in the elution water | This value incorporates the background noise estimated at 10% and
the accuracy of the method corresponding to 3 times the background
noise

Mineral micropollutants

To be screened specifically depending
on the exchanger’s composition
(mercury, cadmium, selenium,
antimony, chrome, arsenic, lead,
nickel, etc.)

3/5 of the parametric values of the Ministerial Order of 11 January
2007
or alternatively 3/5 of the WHQ’s guideline values
or alternatively 3 pg/L

Organic micropollutants

3/5 of the parametric values of the Ministerial Order of 11 January
Volatile organic compounds 2007

(halogenated or non-halogenated) or alternatively 3/5 of the WHO’s guideline values

or alternatively 3 pg/L

3/5 of the parametric values of the Ministerial Order of 11 January
2007

GC/MS profiles or alternatively 3/5 of the WHO’s standards

or alternatively 3 ug/L per compound

and 20 pg/L in total

LC/MS profiles For information
3/5 of the parametric values of the Ministerial Order of 11 January
N o 2007
Specific monitoring (such as: EVB, or alternatively 3/5 of the WHO’s standards

DVB, NDMA, Chloroacetic acid, etc.) or alternatively 3 ug/L

and Specific Migration Limit (SML)/20 where it exists

Specific monitoring of substances
representing between 0.1 and 1% of 3 ug/L per compound and 20 pg/L in total
the exchanger’s dry mass
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3.2.3 Assessment of the safety of inorganic ion exchangers (zeolites, etc.)

For regulation purposes, inorganic ion exchangers fall within the innovative processes category, which means
that their authorisation applications are still assessed by AFSSA on a case-by-case basis.

These media naturally have very large specific surface areas and contain high concentrations of exchangeable
cations (see Annex A, Section 1.3.), mainly AI*', Fe®*, ca®, Mg, Na*, K.

Commercial zeolites are usually ‘doped’ with metals, either to increase the specific surface areas and therefore
the exchange capacity, or to improve selectivity with respect to certain cations. For example, the clinoptilolite,
which in its natural state prefers retaining NH," ions through exchange with Ca®*, Na*, K" (Sprynskyy et al.,
2005°) can, when it is doped with iron (Doula and Dimirkou, 2007°), prefer the extraction of copper (from 13.6
mg/g to 37.5 mg/g).

The parameters to be assessed for this kind of ion exchanger must therefore be directly related to the chemical
characteristics of these media.

3.2.3.1 Water contact conditions protocol for inorganic ion exchangers

The water contact conditions protocol is the same as for organic exchangers. A control is carried out on the test
system without any ion exchanger sample, according to the water contact conditions protocol shown in Figure
3. Setting up the test with the ion exchanger sample is also carried out according to the 2009 water contact
conditions protocol shown in Figure 2. The analyses are conducted on all four collections, T1 to T4.

3.2.3.2 Specific parameters for analysis and criteria of acceptability

The parameters for analysis are shown in Table V. They are the same as for organic ion exchangers,
supplemented by all the mineral elements used in the exchanger’s composition, measured using the GF-AAS,
ICP-AES or ICP-MS methods. The other minerals are highly soluble in water and are therefore considered to be
eliminated in the rinsing procedure.

The criteria are based on the same considerations as for organic ion exchangers.

© Sprynskyy, M., Lebedynets, M., Terzyk, A. P., Kowalczyk, P., et al. (2005) Ammonium sorption from aqueous solutions by the natural
zeolite Transcarpathian clinoptilolite studied under dynamic conditions. Journal of Colloid and Interface Science, 284, pp. 408-415.

P Doula, M. K. and Dimirkou, A. (2007) Use of an iron-overexchanged clinoptilolite for the removal of cu®* ions from heavily contaminated
drinking water samples. Journal of Hazardous Materials, 151, pp. 738-745.
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Table V: Summary of parameters and criteria used for inorganic ion exchangers

Parameters Criteria
Organoleptic parameters
Smell and taste threshold 3
Chemical parameters
TOC 3 mg/L
Chlorine demand 40%

Mineral elements

Determination of mineral elements
using FAAS or GF-AAS or ICP-AES or
ICP-MS

3/5 of the parametric values of the Ministerial Order of 11 January
2007
or alternatively 3/5 of the WHQ’s standards
or alternatively 3 pg/L

Organic micropollutants

Volatile organic compounds
(halogenated or non-halogenated)

3/5 of the parametric values of the Ministerial Order of 11 January
2007
or alternatively 3/5 of the WHQ’s standards
or alternatively 3 ug/L

GC/MS profiles

3/5 of the parametric values of the Ministerial Order of 11 January
2007
or alternatively 3/5 of the WHQ’s standards
or alternatively 3 pg/L per compound

and 20 pg/L in total

LC/MS profiles

For information

Specific monitoring of substances
representing between 0.1 and 1%

3 ug/L per compound and 20 ug/L in total

3.2.4 Assessment of the safety of other ion exchangers (membranes, etc.)

These applications must be sent to AFSSA where they are assessed on a case-by-case basis.

The water contact conditions protocol applied for assessing membrane systems is identical to that typically
applied for membranes used for water treatment.

The information contained in the files that are sent must be based on the guidelines established in this report

for ion exchangers.
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3.2.5 Analysis methods

The recommended analysis methods are shown in Table VI.

Table VI: Recommended analysis methods

Parameters

Analysis method

Organoleptic parameters

Smell and taste NF EN 1622
Physico-chemical parameters
TOC NF EN 1484°

Chlorine demand

Method detailed in Annex E

Mineral micropollutants

To be screened for on a case-by-case basis depending
on the exchanger’s composition (e.g. mercury,
cadmium, selenium, antimony, chrome, arsenic, lead,
nickel)

Reference to the performance characteristics
stipulated in Annex Il of the Ministerial Order of 17
September 2003"

Organic micropollutants

Volatile organic compounds (halogenated or non-
halogenated)

See illustrative list in Annex D
Static headspace analysis and determination using
GC/MS
XP P41-250-2 Annex D °
EN 1SO 10301"
NF 1SO 11423-1"
NF EN 1SO 15680"

GC/MS profiles

Pr NF EN 15768
In the event that a compound is detected with this
technique, it is recommended to quantize it using an
alkane standard and if possible to identify it

LC/MS profiles

Non-standard method
In the event that a compound is detected with this
technique, it is recommended to quantize it and if
possible to identify it

Specific monitoring (such as: EVB, DVB, NDMA,
Chloroacetic acid, etc.)

Specific methods

9 Standard NF EN 1484 July 1997: Water analysis — Guidelines for the determination of total organic carbon (TOC) and dissolved organic

carbon (DOC)

" Ministerial Order of 17 September 2003 on methods for analysing water samples and their performance characteristics

* Standard XP P41-250-2 December 2001: Effects of materials on the quality of water intended for human consumption - Organic materials

- Part 2: measurement method for the organic and mineral micropollutants — Annex D: Dynamic headspace technique for determining

volatile organic compounds

! Standard EN 1SO 10301 April 1997: Water quality - Determination of highly volatile halogenated hydrocarbons - Gas-chromatographic
methods

“ Standard NF 1SO 11423-1 September 1997: Water quality - Determination of benzene and some derivatives - Part 1: headspace gas
chromatographic method

¥ Standard NF EN ISO 15680 January 2004: Water quality - Gas-chromatographic determination of a number of monocyclic aromatic
hydrocarbons, naphthalene and several chlorinated compounds using purge-and-trap and thermal desorption

“pr (Draft) NF EN 15768: The GC-MS identification of water leachable organic substances from materials in contact with water intended
for human consumption
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3.2.6 Procedure for renewing approval or for a change of formulation
The exchangers are systematically reassessed according to the full procedure after the five-year period.

In the event that the formulation contained any substance not appearing on the positive lists accepted during
the earlier approval, the applicant is advised to indicate whether it has undertaken the assessment procedures
for these substances, if it has replaced the non-listed substance by another, or if nothing has changed.

Further information must nevertheless be provided if the applicant wishes to:
- use a different regenerating product to those tested when seeking approval, and if this is the case, all
the inertia tests should be carried out.
- use a different disinfectant to those tested when seeking approval, and if this is the case, only the
analysis on collection T4 will be performed.

In the event that there is any change in the exchanger’s chemical composition or manufacture, the applicant
must inform the Directorate General for Health and a total reassessment of the exchanger’s safety must be
carried out. When this new assessment has been completed and if all the tests confirm compliance, approval
will again be issued for five years.

The changes may relate to products included in the ion exchanger’s formulation or that of the components
involved in the manufacturing process (pH correctors, anti-foam, etc.).

The applicants use the terms ‘minor change’ and ‘major change’ but the laboratory conducting the tests will
not be able to determine whether the changes made by the manufacturer are minor or major. As a result, and
pending any feedback, the working group considered that no distinction could be permitted in the
modifications imposed on the exchangers, and proposes resuming its work later in analysing the different
changes declared by the producers.
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4 Recommendations for use

4.1 General recommendations

The lifetimes of ion-exchange resins vary greatly as they depend on parameters that are difficult to control. In
particular they are highly sensitive to temperature and oxidants because the metals in contact with the
oxidants may catalyse oxidation. In terms of exchange efficiency, the resins have lifetimes estimated at several
years, at temperatures between 0° and 40°C. According to the producers, some resins can resist short-term (1
to 2 hours) thermal shocks of 80°C, but continuous use at 80°C may cause a significant reduction in this
lifetime.

When internal distribution systems are disinfected, the very high concentrations of chlorine used can lead to
the formation of chlorination by-products, through interaction with the organic matter adsorbed by the resin.
It is therefore essential to by-pass the exchangers or remove them from the circuit when disinfecting internal
distribution systems.

The recommended storage conditions should be specified for all ion-exchange resins, namely temperature and
storage period prior to use. An expiry date for the first use must be indicated on each batch of resin.

Repeated drying and rehydration may cause most of the structures in gel-type resins to break down. They must
therefore always be kept moist.

The supplier must specify both the recommendations concerning intermittent use of the resin (particularly for
domestic use) and the procedure to be followed in the event that the resin is not used for a prolonged period
(regeneration, disinfection, etc.).

Finally, approval is granted for a given use of the resin and for the form in which it will be used, in accordance
with the regeneration and disinfection conditions provided by the supplier. The resin supplier and seller must
therefore specify the regenerating agent(s) and disinfectant(s) having obtained approval with the resin for a
given use.

4.2 Risks associated with the use of resins, and recommendations
4.2.1 Softening

The strong cation resins in sodium form provide water that is rich in sodium and slightly aggressive. After such
treatment, it is a good idea to counteract this aggressivity. Users following a low-sodium diet should be
warned.

The implementation conditions may vary depending on their use. Regeneration may be carried out on-site,
however the resulting waste will be heavily laden with chloride. Depending on the case, rinsing effectiveness
can be controlled either by verifying the water’s conductivity, or by simply measuring the volume of water
used.

When resins are used in water treatment plants, meters measure the volume of rinsing water. However, in
domestic use, this volume is very often estimated by the rinsing time. This measurement method may, if the
water pressure in the system falls, lead to under-rinsing and the release in the system of water that is heavily
loaded with chlorides and highly corrosive.

4.2.2 Decarbonation

The most commonly used exchangers are weak cation resins in H* form. When using resins with —COOH
carboxylic functional groups, CO, is produced in small amounts making the water corrosive. This phenomenon
should also be described in the specification sheets.
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4.2.3 Nitrate removal

The resins are most often in anionic chloride form. The precautions to be taken and recommendations to be
indicated by the supplier relate to the following:
- modification of the calcium carbonate equilibrium;
- the fact that in the first phase of the exchange cycle the bicarbonate ions are exchanged;
- the fact that the nitrate ions are exchanged with chloride ions in resins which are selective for
monovalent ions.

The manufacturer should indicate these phenomena in the specification sheets.

Given the release of amino compounds that occurs when a plant is shut down, domestic use of anion-
exchange resins is prohibited.

For industrial use and following any shutdown phase exceeding 12 hours, it is essential that the resin is
regenerated.

4.2.4 Demineralisation

The exchangers are strong cation resins in H' form and strong anion resins in OH form. For more powerful
demineralisation, these two exchangers can be supplemented by a mixed-bed system containing strong anion
and strong cation resins.

The regenerating solutions are sulphuric acid or hydrochloric acid and soda.

With mixed resins, the resins must be separated before regeneration.

4.3 Products that may interfere with the functioning of the resins

Metals including iron, organic acids including humic acids, as well as suspended solids, oils, surfactants and
polyelectrolytes, may disrupt the functioning of the ion-exchange resins. These products may act in different
ways:

- by blocking the exchange sites (poisoning),

- by oxidation,

- by accumulation,

- by causing a loss of pressure.

This may involve both chemical and mechanical disruption. This kind of phenomenon is sometimes observed in
food industries which treat water from the public distribution system that has already been treated using ion-
exchange resins in a water purification plant.

Moreover, ongoing contact with oxidants such as chlorine can lead to deterioration of the resin through de-
cross-linking depending on the conditions of use.

Iron can act as a catalyst when oxidants such as peroxides are present.
Some types of flocculants and surfactants can also damage the resin.

Producers maintain that there are few problems related to biological growth and potential development of
biofilms in the ion-exchange resins. According to the arguments put forward, water intended for human
consumption is treated before it reaches the ion-exchange resins and is therefore uncontaminated. This
concerns microorganisms eliminated by the treatment channels, however natural flora found in the system will
colonise the media. These developments may occur during long shutdown periods. Although not guaranteed,
the regeneration phases should help limit the phenomena of bacterial colonisation.

The tests available for monitoring an ion-exchange resin’s state of degradation are:
- the humidity test;
- measuring the effectiveness of the resin, which is based on the fact that certain degradations impede
the resin’s functions;
- poisoning tests with different molecules.
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4.4 Information and recommendations to be provided by manufacturers in
specifications sheets for users

Any information which serves to ensure the safety in use and lifetime of the exchanger must be provided in the
specifications sheets, including:

1. storage conditions:

- maximum period without any special measures needed before use;
- period associated with special measures needed before use;

- temperature range for storage;

- etc

2. resin characteristics:

- selectivity;

- intended use, specifying:
o form;
o regenerating agent(s) to be used;
o disinfectant(s) to be used;

3. precautions for use to avoid premature degradation of the resin:

- temperature range for use;

- resin’s tolerance to products used for occasional disinfection of the distribution system;
- etc

4. precautions to be taken in the event of water stagnation in the resin:
- period of stagnation after which regeneration is required;

- period of stagnation after which disinfection is required;

- period of stagnation after which the resin should be changed;

5. the exchanger’s impact on water quality (agressivity, corrosivity).
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5 Guidelines for examining an application to use an ion exchanger

Figure 4 summarises the procedure recommended by the working group for the marketing authorisation for a
5-year period of a process using an ion exchanger for treating water intended for human consumption.

This procedure, based on semi-dynamic tests, is representative of the ion exchangers’ conditions of use, and
the parameters screened for are adapted to the potential risks and/or migration caused by the exchangers.

Furthermore, this new procedure should reduce the time needed for the assessment of ion exchangers with
respect to the procedure applied since 1985.

Figure 4: Decision tree for assessing the safety of ion exchangers

Examination of the content of the file sent

A

issibility?
Admissible Admissibility? Not admissible ]

v

Request for further
information for the file

A 4

Examination of the chemical composition of the exchanger

. Compliance? .
Compliant for P Non-compliant ]
carrying out tests ¢
Refusal letter

v

Inertia tests according to the T 90-601 standard

. Compliance? .
Compliant for P Non-compliant ]
carrying out tests ¢
Refusal letter

v

Inertia tests according to the EN 12873-3 standard

i ?
[ Compliant Compliance? Non-compliant ]

v v

Issuing of a favourable opinion Refusal letter or collective
authorising marketing for 5 years expert assessment

The health compliance of the ion exchangers should be verified by a laboratory authorised to this effect by the
Ministry for Health. To obtain such authorisation, AFSSA considers that the laboratory:
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- should fulfil the obligations defined in the aforementioned Ministerial Order of 18 August 2009
including in particular authorisation for tests of total organic carbon leaching according to the T 90-
601 standard;

- must be authorised for carrying out tests and analyses according to the protocol adapted from the
EN 12873-3 standard defined in these guidelines, by the French Accreditation Committee (COFRAC) or
by any other equivalent European accreditation body that is a signatory to the multilateral agreement
entered into as part of the European coordination of accreditation bodies.

The authorised laboratory may issue a favourable opinion according to the standard approval model shown in
Annex F if all the steps in the decision tree have been complied with. Where there is a problem of
interpretation, particularly if the analysis results are close to the criteria of acceptability when any
measurement uncertainty is taken into account, the file may be submitted to AFSSA for review. In addition, the
assessment of innovative products and treatment processes remains AFSSA’s responsibility (ion exchange
membranes, inorganic ion exchangers, products and treatment processes involving nanoparticles, etc.).

AFSSA reiterates that the marketing authorisation for an ion exchanger:
- isissued for a period of 5 years,
- specifies the regenerating agent(s) and the disinfectant(s) tested by the approved laboratory,

- isinvalid if any other products are used in contact with the ion exchanger.
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6 Recommendations

To assess how well the new procedure is being applied and the public’s access to the information, as well as to
develop the procedure in line with analytical progress, AFSSA recommends that the following six measures be
implemented:

publication, on the website of the Directorate General for Health, of a regularly-updated list of
exchangers possessing valid marketing authorisation.

sending to AFSSA of an annual summary of applications refused by the authorised laboratories,
specifying the conditions for the refusal, so as to improve knowledge of the protocol used.

sending to AFSSA of an annual summary of substances not appearing on the recognised positive lists
and included in the formulation of approved ion exchangers.

generation of an LC/MS profile during the analysis of the 4 collections gathered according to the new
water contact conditions protocol. No threshold limit was fixed for this analysis as this method has not
been standardised and is not yet used routinely by the authorised laboratories. In addition, the results
obtained depend on the protocol and the library available for each analytical system. The working
group hopes that in a few years this method will be used routinely by authorised laboratories, as this
analytical development will help with the detection of polar compounds that can easily be leached
from the resins. AFSSA hopes to receive an annual review of the compounds that the authorised
laboratories have detected with this technique, in order to consider, where appropriate, an
amendment to the protocol and/or the limits set.

drafting of specifications sheets for the ion exchangers including imperatively all the information
contained in Section 4.

performance of studies on leaching from exchangers, based on their aging and storage period prior to
first use.

In general for all materials, objects, treatment products and processes used in contact with water intended for
human consumption, AFSSA recommends:

that the factory production of each product undergo regular monitoring (audits) by a third party
organisation,

that a plan for obtaining samples for tests be carried out, by a third party organisation, through
sampling of products taken at the factory.
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Annex A:
An overview of ion exchange and its application to water treatment

1. Ion exchange and the main types of ion-exchange resins
1.1. Basic concepts of ion exchange and ion exchangers

lon exchange on solid material consists in replacing, by exchange, the ions present in a solution with an
equivalent amount of ions bound to the resin.

An ion exchanger is an insoluble organic or inorganic material to which the ions to be exchanged can bind.
Many natural compounds — such as clay, humic acids, aluminosilicates, zeolites, soils, soil humus/clay-humus
complexes, mud and sediments — have ion exchange properties. Synthetic resins are the most widespread ion
exchangers used at industrial scales.

lon exchange reactions are selective and reversible. They can be described using the law of mass action and are
characterised by a thermodynamic constant K, which is the ion exchange or selectivity constant.

Exchange reactions continue until the concentrations of the various ions reach a concentration equilibrium,
defined by the equilibrium constant K. This constant depends on the nature of the exchanged ions,
temperature and the concentration for ions of different valence for a given resin.

Let
[A"+](,) = the concentration of ion species A on the resin;
[Bm+](s) =the concentration of ion species B in solution;

n and m = the charge carried by ion species A and B, respectively (n, m=1, 2 or 3);
The reaction (I) can be written as:
n+ m+ K n+ m+
MA H+nB ) «—mA H(+nB

and the equilibrium constant K can be written as:

[An+]m © % [Bm+]n(r)

[An+]m " % [Bm+]n(s)

1.2. Different types of organic ion exchangers and their characteristics
1.2.1. Resin ion exchangers

Synthetic ion-exchange resins are obtained by polymerisation of various monomers (styrene, acrylate, etc.)
whose chains can be linked to one another using a cross-linker such as, for example, divinylbenzene in
polystyrene resins, and on which functional groups, such as sulfonic or carboxylic acids and quaternary
ammonium cations, can be grafted.

Cross-linking forms the backbone of the resin and the mechanical resistance of the resulting material varies
with the degree of cross-linking. Cross-linking also modifies the kinetics of exchange and selectivity. It must be
calculated so as to obtain mechanical and chemical stability of the resin and still maintain the expected ion
exchange properties. The cross-linked polymer is inert and occurs in the form of spherical particles (beads).
According to their structure, resins can be classified as

- gel resins (mean porosity, 4 nm);

- macroporous resins (mean porosity, 130 nm).
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Table Al: Different resin polymers and qualities

Type of backbone Type of resin Particular features

Gel (the oldest and most

High exch it
frequently used type) 'gh exchange capacity

Weaker exchange capacity than gels,

Polystyrene
Y Long life span,

Macroporous .
P Can bind large molecules,
Higher exchange kinetics than gels.
Gel High resistance to poisoning by organic molecules,
Polyacrylate & .p . g yorg
Macroporous Excellent mechanical stability.

The resin can be activated by introducing various functional groups, and the ions that can be exchanged on the
resin depend on these functional groups Thus, for a given resin backbone, cation exchangers or anion
exchangers can be obtained.

For strong acid resins (sulfonic acid resins), only electrostatic bonds are involved and bond distances are
indeterminate. Bound ions can thus have more than one charge (e.g. calcium ions have 2 charges).

However, for weak acid resins, which act through covalent bonds, the bond distance is fixed, one ion cannot
bind to two charges simultaneously for reasons of steric hindrance. In the case of calcium, the stoichiometry is
1:1. For water with high concentrations of calcium bicarbonate, it is Ca(CO5H)" that is bound. The water is thus
not only decarbonated but also softened.

On anion exchangers, anionic metal complexes (FeCI63", CdC|42) can bind with distribution coefficients that can
be higher than those obtained with complexing resins. In this case, binding curves are bell-shaped, with
maximum binding occurring at an optimal chlorine concentration that corresponds to the high stability of the
non-charged complex. Above or below this optimal concentration, the complexes do not bind to the resin.
Furthermore, separation by gradual elution can be carried out by varying the concentration of, for example,
hydrochloric acid to extract the cations one by one from the resin, depending on the stability of their
complexes. By using reactions in solution, this type of resin is often more efficient for binding metal cations
than complexing resins. Cyanide is specifically used for electroforming. Arseniates can also be eliminated on
complexing resins in the iron form.

42/61




Table All: Functional groups used on resin ion-exchangers

Exch it
Functional Use (and indicative working pH xe angf capfau ¥ .
. . (Eq.L™ resin) Regenerating L.
Type of resin group (ion range) Selectivity
Macro- agents
exchanger) Gel
porous
Strong acid
cation Strong acid: 2 to 3
SAC (strong . times the
. Sulfonic: . . . .
cations): 50, (H) Softening 14+to 1.7t0 1.9 stochiometric All cations
H+ << M™ 3 (1-13) 22g | : quantity (HCl or
H" ions do not H,S0,) or chloride
bind as well as brine
other cations
Weak acid
cation V\./AC . Decarbonation: . Preference
(weak cations): Carboxylic: Binds carbonate scale 350 Weak acid: no for
H'>>M™ -COO-(H) - ’ 2.7t04.8 excess (HCI
. . Eliminates heavy metals 4.2 polyvalent
H+ ions bind H, CO; or H,S0,) .
(4-13) cations
better than
other cations
Total demineralisation:
Strt?ng base all anions and C02 are b9und Strong base: 2 to 3
anion SBA Quaternary when the resin is used in a ; .
. . . times the All anions
(strong anions): ammonium hydroxide cycle (1 —12) L .
A m- 1.2to stoichiometric from weak
OH <<A Type 1: 1.4 10to 1.1 uantity (sodium and stron
OH ions do not -N(CH3)3+ Deacidification, deanionisation, ’ q v . . €
. . L hydroxide or acids
bind as well as adsorption of organic acids, . .
. N e . chloride brine)
other anions elimination of specific anions
(nitrates, arsenates)
2;?\:2::32 Complete demineralisation:
Type 2: (1-12) . 13to 1.1to0 1.2
(C,H,OH)-N"- Better exchange capacity than 15
20 | Type 1, but weaker chemical
resistance
(CH3),
Weak base . . Weak.Base: 1lto
. According to the bound amine 1.5 times the
anion WBA rou stoichiometric
(weak anions): -N*-(CH5), group . ; . Preference
i m- 3 types of resin quantity (sodium .
OH >>A ! -primar 14t02|1.2t01.5 hydroxide for anions
OH  ions bind (OH) P v ' ' ’ v ! of strong
-secondary ammonia .
better than . . acids
. -or tertiary hydroxide,
other anions .
(1-4) ammonium
carbonate)

1.2.2. Complexing/chelating resins

These resins have specific functional groups that may be naturally present but are usually introduced using
chemical methods and form complexes or chelates with metal ions. The functional groups are donors of
electron doublets and are associated with atoms such as N, S, O or P and act as classic complexing or chelating
agents.
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Table Alll: Most common chelating resins

Exchange
. Active functional group Regenerating Use capacity L.
RYeERiES on the exchanger agents (pH range) (en Eq.L'1 S
resin)
NN
Iminodiacetic CH HCl (2.5M), High degree of selectivity
chelatin pa— HNO; (2.5 M), 15-9 1.3-16 for heavy metals
€ k——’ CHEN/CH2COOH ou H,S0, (2M) (and radionuclides)
™ CH,COOH
High degree of selectivity
N CHa .
CH ~ 1-10 for transition metals
Aminophosphonic ,,_l\ HCl (1M - 2M) | (depending 1-15 (and radionuclides)
\':_;]\ .~ CHyCHyPO3H on metal)
CHgNH
Polyosides (e.g. N-
metf‘.nyI-D-. CH i ~(CHOR),CH,OH Strong acid 0-7 0.8 Borate
glucamine, bis- CH,
picolylamine)
CHq
~en” HCI 1.5M
Thiol (or (divalent 1-13 1-14 Divalent metals, including
mercaptan) ( = metals) to mercury
11 M (mercur
M_;_:ﬁKSH ( y)
~, .~ CHz
CH
Amidoxime fJ-7“~2 Strong acid 0-13 0.8-1.9 High degree of selectivity
-.\_i P M — OH for heavy metals
— "Hc
" NH;
1.3. Different types of inorganic ion exchangers and their characteristics

Although they have been used longer than organic ion-exchange resins, inorganic ion exchangers are still, from
a regulatory point of view, considered “innovative" procedures and applications for this type of resin will be
examined on a case-by-case basis by AFSSA. Inorganic ion exchangers currently used for water treatment are
primarily zeolites.

1.3.1. Physico-chemical characteristics of zeolites

Zeolites are hydrated crystalline aluminosilicates that have been widely used for many years in the chemical
industry:

- as catalysts for petrochemistry;

- for purifying gases by adsorption;

- for purifying water containing radioactive metals by specific ion exchange;
- for softening water;

- for eliminating metal cations and organic molecules,

- asadsorbents.

Zeolites are used for their specific physical and chemical properties:

- High crystallinity;

- High thermostability;

- cage structure (interconnections with tunnels and cages) that arises from three-dimensional networks
of tetrahedra which link aluminium oxide complexes [AIO4]5' with silicon oxides [Si04]4' that thereby
share oxygen atoms (Figure 1); this structure confers high selectivity to zeolites.
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Zeolites have the following general formula: Mx/nn+ [Al, Siy Oz(x_y)]x‘, z H,0 where M is the exchangeable cation
(alkaline, alkaline-earth or transition metal), an ammonium ion, or a proton. According to the value of the y/x
ratio, zeolite structures can be classified into several types.

The cation M is responsible for the acid-base properties and the cation exchange properties of zeolites. Zeolites
have a large specific surface and contain high concentrations of exchangeable cations (primarily Na*, K, Ca2+,
Mg2+), as well as lithium, barium, strontium and caesium. The exchange capacity can reach 5 mEq/g.

There are more than 180 types of basic structures for natural zeolites (International Zeolite Association (I1ZA)).
The most commonly used are part of the clinoptilolite and chabazite (or acadialite) families [Ca,(Al,Sig)0,4, 12
H,0].

Table AIV: Mean chemical composition of two natural zeolites

Chemical composition (% weight) of the main natural zeolites
Clinoptilolite Chabazite
SiO, 63-72 50-62
Al,O5 13 17
Fe,0s3 1.5 3.5
CaO 2.1 8.6
MgO 1.1 0.9
Na,O 2.1 0.5-1.5
K,O 2 1-5
MnO 0.01-0.1 <0.01
P,05 0.05 0.1-0.3
S 0.03 <0.01
Specific surface (m?/g) 28-32 60 - 150
CEC (mEq/g) 1-4 2.7-3.9

1.3.2. Zeolite nomenclature

The main zeolites used for separation purposes are types A, X and Y. However, there are also type B, Land N
zeolites, as well as commercial zeolites of type ZSM and SSZ, neither of whose names comply with the
recommendations laid down by the International Union of Pure and Applied Chemistry (IUPAC) and the IZA. IZA
has catalogued the 180 structures that have been inventoried to date according to a three-letter code
(Framework Type Code), that can be found on the IZA web site (http://izasc.ethz.ch/fmi/xsl/IZA-SC/ft.xsl).

Zeolites are classified into types according to their crystalline structure and the Si/Al ratio. The overall charge
indicates the number of compensating monovalent cations that the zeolite can accept within its structure (at
the scale of the crystalline lattice).
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Table AV: Main types of zeolites

Zeolite Crystal structure Overall charge Si/Al
Cubo-octahedron

Type A -12 1

Type X -6to-12 1to1.5

Type Y Tetrahedron -6to-12 15to3

For a type A zeolite, the Si/Al ratio is close to 1. Thus, the overall charge of the cube is -12 and it can accept up
to 12 monovalent compensating cations. The position of these cations depends on the ion species, but sites are
in general positioned near access windows, thereby reducing pore size. A non-compensated type A zeolite with
a pore size of 11.4 A will be reduced to 4 A if the compensating ion is sodium (called zeolite 4A), to 3 A if the
compensating cation is potassium (zeolite 3A) and to 5 A if the compensating cation is calcium (zeolite 5A).

Pore sizes are the greatest in type A zeolites, offering greater possibilities for adsorption of larger molecules.

The difference between types X and Y lies in their Si/Al ratios. This ratio is 1 to 1.5 for type X zeolites and 1.5 to
3 for type Y. This ratio which directly influences the position, and the number of compensating cations, can
vary from 6 to 12 according to the type of crystal.

1.3.3. Mechanism of ion exchange

When using zeolites, ion exchange is the predominant mechanism. However, cations can also be removed by
adsorption in the pores of aluminosilicate systems and, in general, adsorption is greater than ion exchange
when the cations to be removed are present in excess compared to the cationic exchange capacity of the
zeolite. This is the Donnan equilibrium that is also observed when using resins.

The pH of the water to be treated is the preponderant factor in the yield of ions to be removed. In general,
zeolites are amphoteric and tend to neutralise waters, by acting as a proton acceptor or as a proton donor.
During adsorption of metal cations, H" ions participate in many reactions in the aqueous and solid phases and
are exchanged as a function of the retained or released cations. Protonation or deprotonation occurs on the
surface according to the following equilibria:

=S-OH + H",, <> =S-OH,"
=5-0" + H',q¢> =S-OH
(S represents either Si or Al)

The temperature of the water to be treated plays an important role in the ion exchange mechanism. Its efficacy
is greater at high temperatures (50°C) due to more rapid reaction kinetics.
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1.3.4. Use for treating water intended for human consumption

Clinoptilolite is mainly used for removing NH," ions. The selectivity of this zeolite in regard to the main cations
is as follows:

Cs" >Rb' > K'> NH," >Ba” > cd™, cu®™, sr**> Na" > Ca™* > Fe*" > A" > Mg®* > Li, H".

To remove NH," ions, the pH must be lower than or equal to 7. The regenerating agent most commonly used
for this type of zeolite is sodium chloride.

Caesium and rubidium ions are bound irreversibly and regeneration is thereby impossible. This causes serious
problems when these elements are radioactive. Clinoptilolite can be used to remove these radioelements.

Commercial zeolites are in most cases natural zeolites that have been modified or, more rarely, are synthetic,
and sold in the acid (H'), NH," or Na* forms. It has been shown that clinoptilolite and chabazite are more
efficient after being treated with NaOH, particularly for removing Pb”* and Cd** and, in this case, the exchange
capacity can reach 100 mg/kg.

To synthesise or modify zeolites, chemical methods or physico-chemical methods are used.

The chemical methods are used primarily to ‘stimulate’ natural zeolites to improve their selectivity, their
specific surface and thus their exchange capacities. To do so, the stimulating metal salt is combined with a basic
solution (usually sodium hydroxide or potassium hydroxide at high concentrations (5 to 10 M)) and put in
contact with the zeolite. Iron-modified clinoptilolite has been used to remove manganese (Mn2+), copper (Cu2+),
zinc (zn*) and arsenic.

Physico-chemical methods are used to synthesise aluminosilicates from solutions of silicon or aluminium salts.

2. Properties of ion exchangers
2.1. Selectivity
lon exchangers are characterised by their exchange capacity and exchange constant.

For example, and in the case of cation resin in acid (H") form, put in contact with a NaCl solution, H' ions in the
resin are exchanged with Na* ions in the solution, according to the following equilibrium:

+

H, + Na', & H', + Na',
with an exchange constant between H" and Na" ions equal to

K =
WNa = Ina+ls. [H+]r

For a strong acid exchanger Na*>H" => Kyn.>1 => log Ky, >0

For a weak acid exchanger Na" <H" => Kyna<1 => logKyna <0

Considering the exchange between a H ion and a monovalent ion M" gives

[ar4]r. [H4]:
b = Bl e

Considering the exchange between a H ion and a monovalent ion M* gives
[+]r. [Wa+]s
K =— =K K
Na/M DM+1s. [Va<lr H/M/ H/Na

or log Kna/m = log Kum - 1og Kina -
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As the logarithms of exchange constants are additive, it is possible to represent them on a linear scale and the
distance between the log of the constants of two given ions is thus the log of the constant between these two
ions.

Figure A2: Affinities on a logarithmic scale

H* Na* M*
log Kii/na log Kna/m
log Ki/m

It is therefore possible to establish logarithmic scales of affinity for ions of the same valence, such as presented
in Figure 2.

Note: for ions of different valence and on strong acid resins (stoichiometries different from 1:1), equilibria also
depend on concentration.

The forces that act on the ion group of a resin and the ion to be removed are generally electrostatic. The
affinity of the resin for different ions determines its selectivity. In general, the following selectivity rules can be
established:

- astrong exchanger preferentially binds ions with the highest charge. This is an electrostatic effect.
For example, Fe*" binds better than Cu®* which binds better than NH,".

- a strong exchanger preferentially bind ions that have, at equal concentration and charge, a
relatively small volume in the hydrated state. Affinities can be ordered thusly:

Cs"'>Rb" > K> Na">Li"
which is the order in which the radius of the hydrated ion increases;

- a weak exchanger preferentially binds ions that form strong bonds with the ion functional group (on
the resin). Thus, an ion-exchange resin with a carboxyl functional group (-COO’) and a stoichiometry of
1:1 will have a higher affinity for protons than for a metal ion. A chelating resin will also show a
preference for metals that form stable complexes with the attached functional group:

K'<Na'<Li*<Mg®* < Cca” <H"

For an cation-exchange resin with a sulfonic functional group and a stoichiometry of n:1, affinity increases with
charge:

Na" < Ca” < A" < Th*
and for a given charge, affinity increases with atomic mass and/or molar mass (ammonium and uranyl ions):
L <H'<Na"<NH,<K'<Rb" < Cs" < Ag'< TI"< UO,"

For complexing resins with aminodiacetic groups (EDTA type complexing agents), the order of selectivity is as
follows:

Na* < Li* < Sr’* < Ba® < Mg™* < Ca®* < Mn*" < Co™ < Zn** < Pb* < Hg**

For anion-exchange resins with quaternary ammonium groups, the order of selectivity is as follows:

F <OH < CH3CO0 <ClI' <NO, <CN <Br <NO3;<HSO, <I'

For anion-exchange resins with secondary or tertiary amine groups, the order of selectivity is fundamentally
the same but the weakly basic nature of the functional groups confers a high affinity for OH ions.
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1.2. Distribution coefficients

The exchange constant defines the relative ion affinities for a given exchanger. This is an intrinsic property of
the exchanger. The distribution coefficient determines whether a given ion is primarily found in the exchanger
or in solution. This is important to know although the distribution coefficient also depends on operating
conditions. The distribution coefficient can be deduced from exchange constants and aqueous concentrations.
For a given ion, the distribution coefficient is equal to the ratio of concentrations in the exchanger and in
solution: P=C,/ C..

Considering the H" / Na® equilibrium, it can be shown that
[Wa+]r [H+]=

= Tvals - Knem o

lOg I:)Na = |0g KNa/H + |0g [H+]r - lOg [H+]s

I:)Na

If the exchanger is only in the H form, then

log [H], = C. (exchange capacity); moreover -log[H']; = pH

We thus obtain

log Pya = log Kyam + log C. + pH

For the exchange avec a divalent ion (e.g. H" and Ca®"), then

log Pc, = log Keay + 2logCe + 2 pH
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Figure A3 : Trends in the logarithm of the distribution coefficient as a function of pH

strong acid exchanger
log P

4‘ slope 2
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divalent jon
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Concentrated Dilute acids

strong acids. (Regeneration)

Trends in the logarithm of the distribution coefficient as a function of pH (see Figure A3):

Strong acid resin (log K > 0); slope is equal to the charge of the ion. Regeneration with H' ions is
difficult;

Weak acid resin (log K < 0); slope always equals 1. No binding in acidic solutions. Regeneration with H"
is easy.

1.3. Permutation of ions

To permute one ion for another, the ion that is to be bound on the resin must have a sufficiently high
distribution coefficient (P >> 1 or log P >> 0). Two cases are possible:

the regenerating ion (that is to be bound) has greater affinity for the exchanger than the initial ion.

Permutation is quantitative and the initial ion is eluted at the concentration of the incoming ion: this is
called displacement;

the regenerating ion has lower affinity for the exchanger than the initial ion: lon exchange requires a
large excess of the incoming ion: this is called elution.
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1.4. Exchange Kinetics
1.4.1. Plate theory

To study the kinetics of ion exchange in a column, the column is likened to a series of equivalent theoretical
plates. A column is thus like a stack of plates, on each of which exchange equilibrium has been reached.
Establishing equilibrium takes time and during this time, the solution front has migrated a certain distance in
the column that is called the height (h) equivalent to a theoretical plate (HETP). A column of length L will be
made up of a number of plates (N) such that N = L/h. This number of plates determines the efficiency of a
column.

Equilibration time directly depends on the exchange kinetics that depends on the plate surface, i.e. the
exchanger volume to surface ratio which is a function of 1/r (radius of the resin beads). The equilibration time
depends on the thickness of the diffusion layer, i.e. the maximum distance covered by an ion before reaching
equilibrium (radius of a bead). It is inversely proportional to this distance and thus also a function of 1/r.

The overall time to equilibrium is thus a function of l/rz. Exchange kinetics are thus a function of the inverse of
the square of the radius of the beads. This is why finer grained resins are better exchangers. The decrease in
the bead diameter is only limited by the loss in charge that it incurs.

1.4.2. Determination of exchange fronts

The spread of exchange fronts depends on both exchange constants and exchange kinetics. To represent these
fronts on a graph, the simplest solution is to normalise the curves as follows (example of an H'/Na" exchange):

y=I[Na'], /C, and x=[Na'l, /C,

1y = [H'],/C. and 1-x=[H"L /C,

where C, Is the exchange capacity of the resin and C, is the total ion concentration in solution.

It can be deduced that

K= ¥ . (l-x])
o1y .x
K.x
Andy = —————
1+x(K—1)

A graphical multistage calculations of HETP can be drawn where y = f(x), with x and y having values comprised
between 0 and 1.

On these graphs (see Figure A5), the process occurring on the exchange column can be represented as a
discontinuous series of ‘steps’ that symbolise theoretical plates.
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Figure A5: Example of a graphical multistage calculation of HETP
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The proportion of incoming ions can be determined for each plate using this graph and reproduced on a curve
giving the saturation rate y as a function of the volume of the percolating solution. The unit of volume that is
used is the volume of an equivalent theoretical plate (height times the section of the column).

The spreading of the exchange front depends thus on thermodynamic equilibria (exchange constant K, which
gives the necessary number n of plates) and exchange kinetics (height of a theoretical plate). On a column with
N theoretical plates, the exchange front will occur on n plates. This requires that N >> n.

The inflection point of curve V, only depends on the total capacity of the column and the ion concentrations in
solution.

Ctotal = m-ce = Vo-Co

where m is the mass of the exchanger, C. the exchange capacity of the exchanger, V, the volume of the
solution at the inflection point and C, the concentration in solution.

VO = m.Ce / CO

The exchange front spreads more or less as a function of the exchange constant and kinetics. If the velocity of
flow in the column is doubled, the height of the plates and thus the spread of the elution curve will also double.

To summarise, the spread of exchange fronts depends on the exchange constant K which defines the number
of plates necessary and the height of each equivalent theoretical plate, i.e. the number and height of the
plates.

1.4.3. Shape of elution curves

The position and spread of the elution curves, such as that given in Figure A6, depend on the distribution
coefficient (P) and the number of equivalent theoretical plates. The volume V, (corresponding to the elution
peak) for a column containing a mass m of the exchanger is given by Vo = m. P (P is expressed in litres of

solution per exchanger mass). The spread of the elution peak is given by AV = 8 Vo /% N. The spread of a peak
increases with the distribution coefficient P and grows narrower with an increasing number N of theoretical
plates in the column (height h smaller).
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Figure A6: Elution curve
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Annex B:
Regulations governing the conditions for the marketing and use of
materials and objects that come into contact with water intended for
human consumption

When they come into contact with water intended for human consumption, certain materials and objects used
for water treatment and distribution can adversely affect water quality in terms of its organoleptic, physico-
chemical or microbiological characteristics and thereby cause water to exceed the tolerable limits and the
reference values stipulated by public health regulations, or even lead to health risks for consumers. The
marketing and use of these materials and objects are thus regulated.

1. Definitions

The term “materials and objects” includes all the parts used in production plants and distribution systems of
water intended for human consumption that supply water without modifying its physico-chemical or
microbiological composition. In particular, these include pipes, connectors, coatings, joints, accessories
(pumps, valves, taps, etc.), whatever their constituent material (metal, mineral, organic, etc.). They can be
manufactured in factories or developed on site, particularly for construction, repair or renovation. The
products and objects used for water treatment are therefore not considered to be ‘materials’.

An object is a part that is incorporated into a production plant or distribution system of water intended for
human consumption, as it is delivered, and does not require any other part to perform its function. It may
consist of one or more components, which themselves can be made up of one or more parts.

A material is a component of a finished product consisting of a basic part. It is characterised by:
- its trade name and its formulation for organic materials (plastics, rubber- or silicon-based elastomers,
etc.)
- itstrade name, its composition and its generic name in the case of metals or minerals
- Its trade name and its composition for cementitious materials (concretes, mortars).

2. Marketing of materials and objects that come in contact with water
intended for human consumption

In compliance with the provision of the French Consumer Code, anyone overseeing the marketing of products
must ensure that these products are appropriate for their intended use, meet the current requirements and
are not likely to constitute a public health risk. Thus, articles L.121-1 and L.212-1 of the French Consumer Code
stipulate that:

“All advertising comprising, in any form whatsoever, representations, information or presentations which are
false or likely to mislead, is prohibited”;

From their initial market launch, products must fulfil current requirements relating to the health and safety of
persons, to fair trade and to consumer protection. The person responsible for the initial launch of a product on a
market is, therefore, obliged to check that the latter conforms to current requirementsb [...]”

In accordance with the provisions of Article R.1321-48 of the French Public Health Code, “materials and objects
marketed and intended for production plants, distribution systems and treatment plants that come in contact
with water intended for human consumption must comply with the specific requirements defined by Ministerial
Order issued by the Ministry for Health, with the purpose of ensuring that they are not likely, in normal and

® Article L.121-1 from the French Consumer Code
® Article L.212-1 from the French Consumer Code
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foreseeable conditions of use, to present a danger for human health or bring about an alteration in the water
composition defined by reference to set values |[...]

3. Use of materials and objects that come into contact with water
intended for human consumption

Article 1321-49 of the French Public Health Code stipulates that “the person responsible for the production,
distribution or treatment of water shall use, in new plants or in partially renovated plants, from the point of
water intake to points of compliance defined in Article 1321-5, materials and objects that come into contact
with water intended for human consumption that comply with the requirements of Article R.1321-48.”

Thus, anyone responsible for marketing a material or an object that is intended to come into contact with
water intended for human consumption must:
- propose materials and objects that meet the specific requirements laid down in regulations on the
group of materials and objects to which the proposed materials or objects belong;
- ensure that all specific requirements concerning the material or object have been met before
launching the material or object on the market;
- provide proof at the request of the authorities or customers that the material or object is safe, thereby
attesting that the specific requirements have been met.

The provisions of the French Public Health Code apply according to each party’s area of responsibility:
- manufacturers marketing materials or objects that are to come into contact with water intended for
human consumption as well as operators (retailers, assemblers, etc.) ;
- persons overseeing water production, distribution and treatment.

4. Specific requirements regarding groups of materials and objects

To date, several groups of materials and objects that come into contact with water intended for human
consumption have been defined based on their constituent material (metal, mineral, organic or cementitious
materials). Implementing Orders of Article R.1321-48 of the French Public Health Code have not yet been
issued; the orders and circulars listed in Table XllII thus give the requirements that must be met.

The attestation that specific requirements have been met, given by the Ministerial Order of 29 May 1997 (as
amended) regarding materials and objects in permanent production, treatment and distribution plants of
water intended for human consumption and its applicative circulars must be obtained by the person who
markets the material or object, whatever its constituent material. The nature of the proof that the regulatory
requirements have been met for different types of materials is also given in the following table.
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Specific requirements regarding different groups of materials and objects

Nature of proof that regulatory
requirements have been met

Groups of materials and

. . Examples Specific requirements
objects constituted of P P q

. Ministerial Order of 29 May
coatings, alloys,

Metal 1997 (as amended)®
brazes
Annex 1
. L materials certificate
Mineral enamels, ceramics Ministerial Order of 29 May
and glass 1997 (as amended)
— - Annex 2
Cementitious materials concretes, mortars
ACS' issued by one of the
Ministerial Order of 29 May laboratories authorised by the
1997 (as amended) Ministry for Health
Organic matter Annex 3 or
including ‘monomaterials’, lasti last and Compliance with the positive list
multilayer or composite plastics, elastomers Ministerial Implementing (CLP)® issued by one of the
materials and objects Circulars of 12 April 1999° 27 laboratories authorised by the
April 2000° and 21 August Ministry for Health for pipe-joints of
2006° less than 63 mm in diameter, glues,

greases and lubricants.

Ministerial Order of 29 May

1997 (as amended) ACS issued by a laboratory

Several components also authorised by the Ministry for
, valves, connectors, Annexes 1, 2 and 3 L .
called ‘assembled products otc and Health (for accessories involving at

or 'accessories’ Ministerial Implementing least one organic component in
contact with water)

Circular of 25 November 2002"

’

© Order of 29 May 1997 on materials and articles used in fixed installations for production, processing and distribution of water intended
for human consumption amended by Orders of 24 June 1998, 13 January 2000, 22 August 2002 and 16 September 2004 (published in
the Official Journal of 1 June 1997, 25 August 1998, 21 January 2000, 3 September 2002 and 23 October 2004, respectively)

4 Ministerial Circulars no. 99/217 of 12 April 1999 and no. 2000/232 of 27 April 2000 on materials used in permanent installations of
distribution of water intended for human consumption (published in the Official Bulletin of the Ministry for Health no. 99/25 and
2000/18, respectively)

€ Circular DGS/SD7A/2006/370 of 21 August 2006 on proof of compliance with health regulations for fibre-reinforced organic materials and
finished products that come in contact with water intended for human consumption, with the exclusion of natural mineral water

fACS: Health Compliance Certificate. Assesses the aptness of a material or an article that comes in contact with water intended for human
consumption with regard to regulatory requirements. ACSs are delivered for organic materials and objects thereof according to the
conditions given in the Circulars of 12 April 1999, 27 April 2000 and 21 August 2006 cited above (Valid for 5 years, can be extended to
10 years for extruded polyethylene tubes).

& CLP: Proof of compliance with French positive reference lists (Valid for 5 years).

" Ministerial circular no. 2002/571 of 25 November 2002 on the procedures for verifying the compliance with health regulations of
accessories and their component parts, composed of at least one organic component that comes in contact with water intended for
human consumption

56/61



Annex C:

Information that a manufacturer must provide when applying for

authorisation

Submitted to an authorised institution, the application for authorisation to use resins must contain the
following information:

applicant’s name and address
trade name(s) of the resin concerned by the application
type of resin (backbone, functional group)

parameters of water quality that are modified by the resin and its intended use (softening, nitrate
removal, decarbonation, etc.)

description of the manufacturing process for the resin*

detailed chemical composition*: list of commercial substances or preparations with their CAS number,
their percentage of use and the names and addresses of suppliers

Commercial substances or preparations

CAS %

Names and addresses of suppliers
number

weight

Monomers and other starting substances:

Chemical modifiers:

Polymerisation adjuvant:

Physical properties*: density, grain size

how resins are prepared before use *(use without any particular preparation, prior percolation with
water, etc.)

Regenerating agents and regenerating conditions *(in terms of concentration, flow rate, contact time,
rinsing, etc.)

any disinfection procedures that may be employed (product used, concentration, protocol, etc.)
special conditions of use (avoid strong oxidants, chlorine, etc.)

authorisations granted in other European Union countries

if renewing a previously granted authorisation, copy of the previous application

if renewing authorisation and if necessary, applicants must indicate if they have initiated a request for
the registration of the non-compliant substance(s) on official positive lists, if they have replaced it
(them) with substances already appearing on the positive lists or if there is no change in substances
used.

* if this information were to change, the applicant must inform — in writing — the institution in charge of
health inspections.
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A minima list of volatile organic compounds (halogenated or non-

Annex D:

halogenated) that must be screened for

Parameter

Testing standards

Benzene pg/L

NF EN ISO 11423-1

Toluene

NF EN ISO 11423-1

Ethylbenzene

NF EN ISO 11423-1

Xylenes (m- + p-)

NF EN ISO 11423-1

o-Xylene

NF EN ISO 11423-1

1,2,3-trimethylbenzene

NF EN ISO 15680

1,2,4-trimethylbenzene

NF EN ISO 15680

1,3,5-trimethylbenzene

NF EN ISO 15680

Isopropylbenzene

NF EN ISO 15680

trans-1,2-dichloroethylene

NF EN 1SO 10301

1,1,1-trichloroethane

NF EN I1SO 10301

1,1,2-trichloroethane

NF EN ISO 15680

1,1-dichloroethane

NF EN ISO 15680

1,1-dichloroethylene

NF EN I1SO 10301

1,2-dichloroethane

NF EN ISO 10301

Cis-1,2-dichloroethylene

NF EN 1SO 10301

Bromochloromethane

NF EN 1SO 10301

Bromoform

NF EN 1SO 10301

Chloroform

NF EN 1SO 10301

Dibromochloromethane

NF EN I1SO 10301

Bromodichloromethane

NF EN I1SO 10301

Tetrachloroethylene

NF EN I1SO 10301

Carbon tetrachloride

NF EN ISO 15680

Trichloroethylene

NF EN I1SO 10301

Acetone XP P 41-250-2
Butanone XP P 41-250-2
Methyl isobutyl ketone XP P 41-250-2
Ethyl acetate XP P 41-250-2
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Annex E:
Measuring the chlorine demand

Chlorine demand in water used to test for migration as laid out in the protocol adapted to standard EN 12873-3
is measured as follows:

1. Take a 100 mL sample of migration water to be tested

2. Adjust the pH to 7.4 = 0.1 with a buffer free of TOC (and EDTA in particular) such as sodium
phosphate, monopotassium phosphate or dipotassium phosphate

3. Add 1£0.1 mg/L of chlorine using a dilute sodium hypochlorite solution

4. Immediately measure the concentration in free chlorine and total chlorine (NF EN 7393-1 or -2)

= CO test

5. Letsit1 hour
6. Measure the concentration in free chlorine and total chlorine again = Cyp test

Perform the same steps for a control water sample

to obtain concentrations Cy contro aNd Cip control-

The chlorine demand of the tested water corresponds to (in %):

(c -C - (c -C
( 1h test 1h control ( 0 test 0 COIltI"Ol) X 100

c 0 test™ c 0 control

To validate the measurement of the chlorine demand in the water sample:
- Cytestand Cq controt Must be between 0.9 and 1.1 mg/L chlorine

- the chlorine demand of the control sample must be less than 10% of the starting concentration, or

(co contro1—Cin contr‘cl) x 100 < 10%

CO control

Otherwise, the test needs to be repeated with new samples.
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Annex F:
Standard approval form

Name of applicant:

Address of applicant:

Trade name(s) of the exchanger:
Type of exchanger:

Form:

Use(s):

Exchange capacity:

The exchanger “NAME of EXCHANGER” was assessed according to the requirements of the Ministerial Order of
“ORDER REFERENCE"” as required by the AFSSA report “AFSSA REPORT REFERENCE” by a Laboratory authorised
by the Ministry of Health “NAME and ADDRESS of the Laboratory”.

Tests were conducted according to standards T90-601 and EN 12873-3.

The exchanger “NAME of EXCHANGER” was tested for the following conditions of use:

Implemented

Product Concentration Flow rate Contact time Rinsing procedure

Disinfection

Regeneration

The Laboratory “NAME of LABORATORY” notes that the proof of safety presented by “NAME of APPLICANT” for
the exchanger “NAME of EXCHANGER” with regard to its use for treating water intended for human
consumption complies / does not comply with the applicable regulatory requirements, subject to the
conditions of use defined above.

In conclusion, the Laboratory “NAME of LABORATORY” is issuing a favourable/unfavourable opinion for
marketing the exchanger “NAME of EXCHANGER".

Issued at “PLACE” on “DATE”

[Materials] Testing Laboratory Manager “NAME and SIGNATURE”
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